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1. Introduction

1.1.Atopic dermatitis disease background

Atopic dermatitis (AD) is a chronic skin disease that affects both children and adults (1). AD
typically can be simply manifested as an inflammatory skin condition causing unpleasant
symptoms such as pruritus, itching, and swelling. In some cases, however, the disease can be
more severe, resulting in painful flares (2). Due to its chronic nature, AD can lead to long
term effects, such as cracked or scaly skin (2). Although these symptoms may seem mild,
studies have confirmed that AD has a substantial impact, especially due to reducing patients’

and caregivers’ quality of life (QoL), and through productivity losses (3, 4).

AD predominantly manifests in early childhood and may either resolve during childhood or
persist into adulthood. In some cases, AD first appears during adolescence or adulthood,
referred to as adult-onset AD (5, 6). It is often referred to as a pediatric disease, as it more
commonly affects children, therefore, most published studies focus on the burden on

pediatrics (7). However, AD is also prevalent and significant in adults and adolescents (7, 8).

AD encompasses a range of severity levels, ranging from simple cases, that could typically
be managed with emollients, to severe stages that are associated with painful symptoms and
intensive treatments. Accurate diagnosis of disease severity stage is a key to determine the
most appropriate treatment. Several scoring systems are commonly used to evaluate AD
severity levels, such as EASI (Eczema Area and Severity Index) and SCORAD (SCORing
Atopic Dermatitis) (9). These scoring systems evaluate the severity level through assessing
the size of the affected area, the symptoms, and clinical signs. The scales for these scoring
systems differ, making it challenging to directly compare their results from studies using
different tools. Mapping tools have been developed to match the results of these scoring

systems and allow comparability across different scoring systems (10, 11).

AD is often perceived as a simple non-fatal skin condition, which can lead to its

deprioritization in healthcare resource allocation compared to other more severe diseases



(12). Although this seems logic, when quantitatively comparing AD’s burden to other

diseases, it is associated with a significant burden that warrants efficient mitigation (13).

1.2. Epidemiology of AD

AD imposes a considerable burden, mainly due to the large number of patients affected
globally (14). A recent study by Tian et al. published in 2023 estimated the global
epidemiology of AD through a systematic analysis and modelling techniques. This study
estimated the prevalence rate of AD as 4.0% in children and 2.0% in adults globally,
corresponding to 102.7 million children and 101.27 million adults, respectively (15). While
these numbers look alarmingly high, the study reported that these values lack 41.5% of the

countries worldwide, indicating that the actual number of patients is even higher.

Unlike several recent studies reporting data for AD prevalence (16, 17), few studies focused
on the incidence of AD (18). Based on a systematic literature review results, incidence of AD
ranged from 10.2— 95.6 cases per 1,000 person-years (19). However, all these values were

reported from European countries. Global epidemiological values might differ due to the

significant difference of the disease by region and climate (15).

Climate significantly affects the epidemiology and symptoms of AD. Humidity, temperature,
ultraviolet (UV) exposure, and climate change are among factors that affect AD’s prevalence
and symptoms (20). The relation between these factors and AD is complicated. For example,
AD aggravates in regions with dry weather, due to skin dehydration. Interestingly, AD can
also manifest in regions with high humidity, as excessive moisture may promote skin

irritation (21). Therefore, prevalence values, and severity levels differ significantly between

different geographical regions, and even within different regions in a country (15, 20).

1.3. Burden of disease studies

Burden of disease studies are essential to understanding the impact of diseases on the society.
These studies include three primary domains: clinical, humanistic, and economic burdens,

each consisting of several interconnected components (22, 23). Some of these components

overlap across domains, making it challenging to clearly distinguish between them (24).



Clinical burden usually refers to the effect of a disease on mortality and morbidity, including

its associated signs, symptoms, severity, survival and complications (23, 25).

Humanistic burden refers to the effects of a disease on QoL, which is defined as the degree
to which an individual is healthy, comfortable, and able to participate in or enjoy life events
(26). To quantitatively measure the value that individuals place on specific health states, QoL
is often represented by a utility score (27). Utility scores range from 0 to 1, where 0 represents
death and 1 represents perfect health (28). In severe cases, utility scores can even reach

negative values, reflecting health states perceived as “worse than death” (29).

Humanistic burden is commonly measured in disability-adjusted life years (DALY's). DALY
are defined as the sum of the years of life lost due to premature mortality and the years lived
with a disability due to prevalent cases of the disease or health condition in a population (30).
Humanistic burden can also be measured as loss in quality-adjusted life years (QALYs).
QALYs are calculated by combining utility scores with the duration spent in a given health
state. QALY help to quantify the benefits of healthcare interventions in terms of both

survival and QoL, and are widely used for evaluating healthcare interventions (31).

Economic burden refers to the costs incurred due to the disease, either directly or indirectly.
Its two main components direct and indirect costs (32). Direct medical costs of the disease
include costs of medications, hospitalization and outpatient visits (33), while indirect costs
are represented through productivity loss, which may occur due to absenteeism or
presenteeism of patients or their caregivers. Absenteeism is defined as the numbers of days
absent from work or school, and presenteeism is defined as the number or proportion of days

present at work or school but not productive due to the disease (34).

The outcomes of burden of disease studies help decision-makers to take evidence-informed
decisions regarding treatment strategies, resource allocation, and public health policies (35).
Therefore, they could help to optimally prioritise interventions by highlighting where the

greatest need exists (22).

With the rising healthcare costs globally, health technology assessment (HTA) has gained

more importance among healthcare decision makers (36). HTA evaluates the value and cost-



effectiveness of health technologies, such as drugs, devices, and procedures, to improve the
uptake of cost-effective health technologies. This ensures the optimal use of resources that
are being spent (37). Effective HTA implementation requires robust data, with burden of
disease studies serving as a crucial source of this data, such as disease prevalence, cost of

treatment, and lost resources. Using burden of disease studies’ findings, decisionmakers can

allocate the resources among disease areas efficiently to maximize health benefits (22).

Among all burden of disease studies conducted, those that provide quantitative values and
that provide country-specific data about the burden of disease are the most useful from the
perspective of decisionmakers (38, 39). Additionally, only a few extend their findings to offer
actionable recommendations aimed at reducing this burden (40). For a more comprehensive
approach, a burden of disease study could be complemented by an additional study, or an

extension to identify effective strategies that help mitigating the disease burden.

These actionable strategies might span various domains, based on each disease. Examples of
these domains include adjustments to the treatment protocol, adjustments to treatment
guidelines, allocating specific resources, improving public awareness, and enhancing
capacity building programs, among others (41). These actions should be tailored for each
country or setting, and should be validated with local experts, as different actions may result

in distinct effects within several countries (42).

Beyond the obvious burden of a disease, represented in its direct medical costs, it is essential
to evaluate other hidden burden components of a disease to accurately evaluate its true
impact. These include less tangible components, such as reduced QoL and productivity loss,

which are often more challenging to measure (43).

Studying the burden of a disease is essential to measure its impact on the individuals and
society, that usually extend beyond its direct medical costs (33). This understanding of the
disease burden can help mitigating the burden through resource allocation towards this

disease, improving awareness, improving care for patients and ultimately better QoL.



1.4. The burden of AD

The significant burden of AD stems from multiple factors, including its high prevalence, its
impact on QoL of both patients and caregivers, its psychosocial effects, productivity losses,

and the considerable cost of treatments, especially in severe cases (44, 45).

Concerning humanistic burden, the Global Burden of Disease (GBD) study provides
extensive data about the estimated AD DALY stratified by age groups and regions (14).
Additionally, it provides an online results tool that allows users to tailor disease burden data
summaries stratified by country, gender, age group (46). The study reports that AD accounted
for 0.36% of the total DALY lost globally among 359 diseases. It ranked 59 for age-

standardized global DALY rate, 15" among non-fatal diseases, and 1% among skin diseases.

These values were calculated using an estimated global prevalence rate of 2,690 patients per
100,000 persons. The GBD study, while providing comprehensive data on disease burden
components, acknowledges its methodological limitations. These include constraints such as

reliance on verbal data, outdated census values, and incomplete datasets (39). Despite these

limitations, the reported values for AD remain alarmingly high for a non-fatal skin disease.

In 2017, AD accounted for 123 age-standardized DALYs per 100,000 persons globally,
exceeding common skin diseases such as psoriasis, urticaria, and scabies (70, 68, and 60
DALYs, respectively) (14). Even when compared to more serious diseases, AD demonstrates
an unexpectedly high burden, with around 9 million DALYs. This huge burden, largely
driven by high prevalence, ranked AD above more severe conditions such as measles and

upper respiratory tract infections (8.2 and 6.3 million DALY, respectively) (47).

AD is associated with a significant impairment in QoL (48, 49). QoL is considered a patient-
reported outcome (PRO) because it is evaluated using tools and questionnaires completed by
the patients. These tools are referred to as patient reported outcome measures (PROMs).
Various studies evaluating QoL in AD patients use different PROMs (50), each designed to
assess QoL through a specific scale. Some of these tools are generic, such as European QoL-
5 Dimension (EQ-5D) index and EQ-5D visual analog scale (EQ-5D VAS) (48, 49, 51).

These generic questionnaires can measure QoL for various diseases, but lack disease specific

10



criteria (52). EQ-5D index questionnaire provides a five-digit health state profile that
represents the patient’s health status based on five health domains: mobility, self-care, usual

activities, pain, and anxiety or depression, while EQ-VAS score records the patients’ own

assessment of their overall QoL on a scale (51).

AD patients’ QoL can be also assessed using disease-specific questionnaires such as the
Dermatology Life Quality Index (DLQI) (48, 49). The DLQI is a 10-item questionnaire
assessing QoL impairment due to dermatological diseases (53). These disease-specific
questionnaires are able to capture disease specific improvements in patients, such as the size

of the affected area, but lack comparability among other diseases (52).

A study by Reed et al. supports the hypothesis that the burden of AD is probably higher than
commonly recognized (54). Their study explores the clinical and humanistic burdens of AD,
revealing that it significantly reduces patients’ QoL, and presents considerable challenges to
parents and caregivers managing the disease. Additionally, the study highlights that
psychological effects and sleep disturbances contribute substantially to the disease burden.
Notably, among 36 skin diseases assessed, AD ranked second in QoL impairment based on
DLQI scores. The average DLQI score for AD was 12.2, second only to hirsutism, which had
an average score of 12.8 (54, 55).

Several studies emphasized the importance of assessing the burden of AD on caregivers,
demonstrating its significant contribution to the overall disease burden. However, these
studies mainly focus on caregivers for children with AD (54, 56). In contrast, caregivers
burden appears to be minimal for adult and adolescent patients. This may be due to that the
primary responsibilities for caregivers of an AD child involve managing medications and
waking up at night to help with flare-ups, affecting caregivers’ QoL and productivity (57).
For older patients, however, it seems that the burden shifts predominantly to the patients,

while the burden on caregivers becomes limited (58).

Concerning economic burden, a recent study explored the economic impact of AD in United
States of America (USA) (59), showing a substantial economic burden that exceeds 5 billion

USD annually, including both direct and indirect costs. The study emphasized that indirect

11



costs constitute a large proportion of the total economic impact, as supported by findings
from multiple studies. It also highlighted the importance of economic burden of disease
studies in informing decisionmakers (59). These findings align with Drucker et al.’s study
which reported the economic burden of AD in USA, emphasizing its substantial economic

impact, impact on QoL, and its negative social effects (60).

In Europe, Augustin et al. estimated the total economic impact of moderate-severe eczema
as 30 billion EUR annually, excluding the humanistic burden component. This included 15.2
billion EUR as indirect costs, 10.1 billion EUR as direct medical costs and 4.7 billion EUR
as direct non-medical costs. The study reported that including humanistic burden can further

increase the total economic impact of AD in Europe (61).

There are several treatments available for AD for different levels of disease severity, ranging
from simple inexpensive emollients and topical corticosteroids, to phototherapy sessions,
novel monoclonal antibodies and Janus kinase (JAK) inhibitors. These novel treatment
modalities create an additional financial burden on healthcare systems to treat AD patients

with the most advanced and effective therapies (62).

1.5.  Scarcity of studies that quantitatively evaluate burden of disease

components

As shown above, several studies and reports have explored the disease burden of AD.
However, most of these studies explore the specific aspects of the burden, such as clinical
burden, DALY, or economic impact (14, 18, 39). Most burden of disease studies do not
provide sufficient quantitative values of various components that would help decisionmakers
take evidence-informed decisions. Furthermore, since AD is mostly recognized as a

childhood disease (7), studies that quantify its burden predominantly focus on children, while

there is scarcity regarding studies discussing the disease in older patients (63).

Although these studies seem to comprehensively cover the burden of AD topic, there is still
scarcity of studies that quantify different components of the burden in adult and adolescent
patients. Additionally, studies that study the burden in these populations don’t provide

solutions or actionable interventions to mitigate the burden of the disease.
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2.0bjectives

Through a comprehensive approach, the studies we conducted aimed to estimate the clinical
and humanistic burdens of AD in adults and adolescents globally, to provide quantitative
values for the economic and humanistic burdens of the disease in certain countries, to
estimate the value of the hidden burden components, and to provide potential solutions to
mitigate the disease burden. The ultimate goal of the whole research is to assist decision

makers take efficient decisions towards mitigating the disease burden of AD in adults and

adolescents.
Based on these aims, the following research questions (RQ) were formulated:

e RQI1: What is the clinical, humanistic and economic burden of AD in adults and
adolescents globally?

e RQ2: What is the humanistic and economic burden of AD for in adult and
adolescent patients in major countries in the Middle East and Africa (MEA) region?

e RQ3: What is the monetary value of the hidden burden of AD in in adult and
adolescent patients in Central and Eastern European (CEE) countries?

e RQ4: What actions could be recommended to mitigate the burden of AD?

The findings of this research aim to support decision makers and budget holders responsible

for healthcare resource allocation. By providing quantitative burden of disease values, the

evidence can guide more efficient and impactful distribution of healthcare resources.
In each country, entities responsible for reallocating resources may include:

e Representatives from the Ministry of Health;
e Members of HTA bodies;

e Health Insurance authorities or payer.

Ideally, these stakeholders should interpret the burden of disease study results and align their

funding priorities with the relative disease impact, thereby maximizing the value of health

expenditure.
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3.Methods

3.1. Overview about the studies conducted

To understand the burden of AD, we conducted several studies. First, we conducted a
systematic literature review (SLR) to summarize and quantify the clinical, economic, and
humanistic burden of AD in adults and adolescents globally. Next, we provided data for
specific countries and regions presenting quantitative values for different burden
components. These included a study assessing the economic and humanistic burden of AD
in adults and adolescents in the MEA region (focusing on the major countries), and a study
aiming to quantitatively investigate the hidden burden components of AD for adults and
adolescents in CEE countries. Finally, we presented a study to show potential expert

recommendations for mitigating the burden of AD.

The selection of MEA and CEE regions reflects the PhD candidate’s (BE) professional and
academic affiliations. Specifically, the candidate resides and works in the MEA region, while
being enrolled in a PhD program in the CEE region. Importantly, both regions exhibit
relevant contextual similarities that justify their joint assessment. These include diverse
economic and social structures across countries, evolving HTA systems, and limited
availability of local data necessary to inform efficient resource allocation. Furthermore, both

regions face a high unmet need for structured burden-of-disease evidence to support informed

policy decisions.

Collectively, these studies are directed towards healthcare decisionmakers, to provide
quantitative values of the disease burden complemented with potential solutions for reducing

the burden, to be able to take evidence-informed decisions.

Each of those studies were undertaken by a research team. The PhD candidate (BE) was part

of the team in each study and had a substantial role in all steps. The exact contribution of the

PhD candidate is elaborated in the methodology section of each respective study.
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Figure 1 Research questions answered by each study

AD: Atopic dermatitis; CEE: Central and Eastern Europe

Figure 1Error! Reference source not found. above provides an overview of the studies

conducted, highlighting the research questions addressed by each, and summarizing the

methodologies employed.

3.2.  Systematic literature review on the burden of AD (Methods related to RQ1)

3.2.1. Aim of the systematic literature review

We conducted an SLR to summarize and quantify the clinical, economic, and humanistic
burden of AD in adults and adolescents. The SLR was conducted and reported according to
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRSIMA) guidelines
for reporting SLRs (64).

We defined the Population, Interventions, Comparators, Outcomes, and Study designs

(PICOS) of the included studies in this SLR as follows:

e Population (P): Adults and adolescents aged 10 years or older diagnosed with AD.
e Interventions (I) or Comparators (C): No specific restrictions were applied.
e Outcomes (O): any burden of disease components including clinical, humanistic,

and economic burden data.
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e Study designs (S): Observational and interventional studies, systematic reviews, and
economic evaluations. Clinical trials were excluded to ensure the burden captured
reflects real-world data rather than controlled conditions.

3.2.2. Search strategy and databases

We searched PubMed, Scopus, the Cochrane Library, the Centre for Reviews and
Dissemination (CRD), and EconPapers for studies including relevant data. In addition, we
reviewed grey literature sources including the ISPOR Presentations Database, as well as the
websites of health technology assessment agencies such as the National Institute for Health
and Care Excellence (NICE) and the Canadian Agency for Drugs and Technologies in Health
(CADTH). A short summary of these databases is presented in Supplementary Table S1.

The search string was based on two domains: Atopic dermatitis’ and ‘Burden of disease’.
Synonyms for both domains were used to search all databases for studies published over the
previous ten years. The search was conducted on 3 December 2020, and the timeframe was
limited to studies published from 1 January 2011. Supplementary Table S2 shows the detailed
search terms and number of hits in each database. The PhD candidate (BE) conducted the

search in collaboration with the research team members.
3.2.3. Title and abstract screening

First, the search hits were deduplicated using EndNote software (version X9) and followed
by a manual deduplication process by researchers during the title and abstract screening
phase. Double blinded title and abstract screening was conducted by two independent
researchers for each study to assess its eligibility for full text screening. The PhD candidate
(BE) was one of the independent reviewers. Any conflicts between the researchers were
resolved by a senior reviewer, including the PhD candidate (BE) for the conflicts that did
not include him, while conflicts including him were resolved by another senior reviewer. The

title and abstract exclusion criteria were:

1. duplicates,
2. no English abstract,
3. published before 1 January 2011,

16



letters, editorial, case reports, non-systematic reviews, or animal studies,
not related to AD or eczema,

not reporting data for patients 10 years or older, and

N » bk

not evaluating the clinical, economic, or humanistic burden of AD (e.g., those

investigating treatment efficacy).
3.2.4. Full text screening and data extraction

Full texts of studies deemed eligible based on title and abstract screening were downloaded

and screened for inclusion. The following exclusion criteria were used for full text screening:

1. inaccessible study,

2. letters, editorial, case reports, non-systematic reviews, or animal studies,

3. notrelated to AD or eczema,

4. notreporting data for patients 10 years or older,

5. not evaluating the clinical, economic, or humanistic burden of AD (e.g., those

investigating treatment efficacy), and

6. studies with experimental study designs (e.g., clinical trials).

Eligible studies from the full text screening phase were advanced to data extraction phase.
Data were extracted in Microsoft Excel software. We searched the references of included
studies to ensure no relevant studies were missed (known as snowballing). When potentially
relevant studies were identified, they were screened and added to the data extraction pool if
eligible. The PhD candidate (BE) was one of the team members screening full texts and

extracting data from the eligible studies.

For each included study, we extracted any of the available data in four domains: clinical
burden, economic burden, QoL scores, and humanistic burden other than QoL scores. The
following general data were also extracted for each study: number of patients, age, male
percent, and study design. We extracted the frequency of mentions for clinical symptoms
related to signs, symptoms, and psychological factors, and the frequency of mentions for
humanistic burden outcomes. We also extracted quantitative data for QoL scores, and

economic burden of the disease. The psychological impact parameters were extracted under

17



both clinical and humanistic burden categories, as they were identified to influence both

domains in the reviewed studies.

For each study, full text screening and data extraction were conducted by one reviewer, and
it was revised for accuracy and completeness by another independent reviewer. If there were

any conflicts, the senior researcher took the final decision.
3.2.5. Data adjustment and analysis

Disease severity terminologies and stages varied across studies leading to complicating
assessment of severity (e.g. some studies grouped AD patients into 2 subgroups: mild and
severe, or 3 subgroups: mild, moderate, and severe, or other more detailed subgroups
reaching up to 5 severity levels). To address this, we standardized severities from different
studies into an ordinal scale from 1 to 5, where rank 1 refers to mildest severity level. We

created a map to match any type of severity level into our 5-level ordinal scale.

Data on economic burden of the disease were also reported in various formats across the
included studies. Some studies reported data segmented by patient groups, specific
populations, or timeframes (e.g., monthly, annually). The included studies also categorized
costs heterogeneously into direct, indirect, medical, non-medial, or used other classifications.
Additionally, studies reported costs in different currencies based on the study location, and
in different years. We standardized and harmonized all the extracted data to ensure
consistency as much as possible, creating a unified dataset to support comprehensive

analysis. Details of data adjustment approaches conducted are shown in Supplementary Table
S3.

QoL data were also heterogeneously reported. QoL was assessed using different
questionnaires across the studies. For this, we transformed all QoL results into utility values
ranging from 0 to 1. We mapped the results of all questionnaires into a unified 0-1 utility
value through transforming all questionnaire results into EQ-5D index utility values through

the available mapping tools (11, 65).

Loss in productivity costs were also adjusted and unified. All productivity loss values were

transformed into number of days lost annually per patient due to the disease.
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We created a multiple regression model to identify the main drivers of AD costs and reduction
in QoL. We used IBM SPSS software (V25) to conduct the multiple regression analysis,
applying a statistical significance level of 0.05. The dependent variables were AD costs and
reduction in QoL, while the independent variables were severity rank, age, and gender.
Several multiple regression models were constructed. We report only clinically and
statistically significant models in the results. The PhD candidate (BE) conducted the analysis

in collaboration with the research team members.

3.2.6. Risk of bias assessment

All studies included in the final data analysis were assessed for risk of bias using the Grading
of Recommendations Assessment (GRADE) tool (66). Risk of bias assessment was
conducted by one researcher and revised by another independent researcher for accuracy and
completeness. If there were any conflicts, they were resolved through discussion between the
two reviewers. The PhD candidate (BE) was one of the researchers’ team conducting risk of
bias assessment. A summary of the risk of bias assessment results is shown in Supplementary

Figure S1.

3.3. Humanistic and economic burden of AD in the MEA region (Methods
related to RQ2)

3.3.1. General overview of the aim, methodology and countries included

To further help decisionmakers in making evidence-informed decisions, country specific
studies are needed. For this, we conducted a study to quantify the economic and humanistic
burden of AD in adults and adolescents (> 10 years old) in the major countries in MEA. This
region was selected as it has very diverse healthcare system structures and different levels of
economic and social constraints. We did not include clinical burden in this study, as it was
already reported in the global SLR, and we assumed the clinical effects of the disease will
not differ significantly between countries, so we focused on humanistic and economic burden
components. We included 7 countries from this region to be representative of the whole
region. These include Saudi Arabia (KSA), Egypt, United Arab Emirates (UAE), Lebanon,
South Africa, Kuwait, and Algeria.
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The aim of the study was to estimate the economic and humanistic burden of AD in adults
and adolescents in these countries. This was achieved through primary and secondary data
collection from these countries to estimate the specific effect in each country, and to compare
those countries. A literature search, and expert interviews were conducted to obtain and

validate the values required to estimate burden of disease. A bottom-up approach was adopted

based on the patient numbers and the average burden per patient in each country.
3.3.2. Estimating the number of patients

As a first step required for all further steps, we estimated the number of adult and adolescent
AD patients in each of the seven countries included. We used prevalence data estimates from
the GBD study (46). Table 1 below shows a summary of the estimated number of patients in
each country in 2019. Supplementary Table S4 shows the detailed patient numbers by age

group and gender.

Table 1 Estimated number of adult and adolescent AD patients in MEA countries in 2019

Country Number of patients
Algeria 365,204
Egypt 545,217
Kuwait 41,691
Lebanon 44,161

KSA 342,885
South Africa 354,771

UAE 84,885

KSA: Kingdom of Saudi Arabia, UAE: United Arab Emirates
3.3.3. Humanistic burden

For humanistic burden estimations, we calculated the loss in QoL due to the disease in each
country. This was based on multiplying the number of patients by the average utility lost per

patient. Country-specific data was not available regarding the loss of QoL due to AD.
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Therefore, we used international estimates for QoL values, and assumed that the differences

in QoL per patient will not differ significantly from the global estimates.

Those estimates included a study by Beikert et al. (67) that estimated the QoL values for adult
AD patients subgrouped by age. The study reported values as EQ-5D VAS values. We

converted this data to utility values on a 0 to 1 scale to estimate the annual utility loss.

We also used estimates from another study (68) to estimate the QoL of AD adolescents (10-
18 years). Ezzedine et al. reported QoL values using DLQI questionnaire. DLQI values were

also converted to utility loss data to estimate loss in QoL using the 0 to 1 unified scale (68).

These studies provided data for QoL of patients with AD. For the burden of disease estimate,
an estimate of utility loss due to AD was required. So these values were subtracted from the
average population utility to estimate the difference, which represents the net effects of AD

in QoL. Average population utility values were abstracted from a study by Janssen et al. (69).

Humanistic burden per country was estimated through two key measures. First, utility loss
per country was calculated through multiplying the average utility loss per patient by the
number of patients in each country. Second, we calculated a hypothetical estimate of the
monetary values of QoL lost due to the disease to provide a broader societal perspective. This
was estimated by multiplying each country’s estimated annual QALYSs lost by its gross
domestic product (GDP) per capita. This calculation assumes that one lost QALY can be
hypothetically valued at each country’s GDP per capita for one year. This hypothetical
estimate could help decisionmakers understand the burden from a societal perspective and

compare it to other diseases.

To estimate the total utility loss per country, we created a table of average utility loss per AD
patient, by age group, and multiplied the average utility loss per age group by the number of
patients in each country by age group. The sum of these values in each countries provided

the total QALY lost by all patients due to AD in each country.

3.3.4. Direct healthcare costs
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The economic burden of the disease included two distinct components: direct healthcare and
indirect costs. Direct healthcare costs were represented in medical direct costs, which include

topical treatments, outpatient visits, hospitalizations, systemic treatments, targeted therapy,
and phototherapy sessions. All costs were reported in 2019 United States Dollars (USD).

We conducted structured expert interviews in each of the seven countries to estimate the costs
and resource utilization for AD patients in each country. First, we created a draft

questionnaire, and we validated this draft with an expert to ensure it captures all direct

healthcare costs of the disease.

Next, we conducted a minimum of two local expert interviews in each country to fill in the
questionnaire. We calculated the average of the two questionnaires results resembling the
average direct medical costs. If, for any country, the results of the two expert questionnaires
were significantly different, a third interview was conducted, and the results of the two lowest
costs were used to be conservative. A significant difference between questionnaires was
defined as double the value of the total cost. The experts were chosen based on convenience
sampling. The Inclusion criteria were medical experts who have experience in dermatology

and are currently treating AD patients in each country.

The questionnaire included the following domains: severity distribution (proportion of mild-
moderate-severe patients), outpatient and inpatient visits, local and systemic treatments used,
phototherapy sessions, targeted therapies, and other cost elements. Supplementary Table S5

shows the questionnaire used for estimating direct healthcare costs in all interviews.

After the interviews, we calculated the total annual direct cost of AD in each country, based

on the questionnaire results and the number of patients in each country.
3.3.5. Indirect costs

Indirect costs were represented as productivity lost by AD patients due to absenteeism or
presenteeism. To estimate the average number of days the patient is absent from work or
school, or present but not productive, we conducted a targeted literature search including
several studies reporting these values for AD patients. We calculated the average values for

these studies to estimate the value of presenteeism and absenteeism. Because severity can be
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a confounding factor for productivity loss estimated, we conducted the calculations through
using a weighted average for severity, to correspond to the real severity distribution. Finally,

we calculated the estimated number of days lost due to the disease.

The monetary value ofthe loss in productivity was calculated by multiplying the productivity
loss per patient by the number of productive patients in each country and the average salary.
We also adjusted the values to gender, unemployment rate, and the labor force participation

rate (LFPR) to accurately estimate the productivity loss. The following equation was used

for calculation of indirect costs in each country:

((LFPR (by gender) * (1- unemployment rate) * prevalence (by gender)) *

(absenteeism + presenteeism in days) * Average daily salary
3.3.6. Validation

After estimating all values for humanistic burden, direct medical costs, and indirect costs, the
data for each country were validated by experts from the country to check if the data matches
what these experts expect for their countries. We conducted meetings with representatives of
the seven countries with experts and payers for validation. The experts provided feedback on
the results, validated some values sand asked for adjustments in other values to reflect the
actual burden. During the validation meetings, experts were shown the detailed methodology
and results, and they were asked if these results reflect their actual practice real life effects

of the disease or not. They were also asked to recommend better data sources or better

estimation approaches if available.

In this study, the PhD candidate (BE) participated in finding the relevant input sources for
estimating the burden and conducting the experts’ interviews. He also participated in
compiling the data and creating the calculations to estimate the quantitative values.
Additionally, he participated in the research term in analyzing the results and creating the

final report and manuscript.

3.4. Hidden burden of AD in CEE countries (Methods related to RQ3)

3.4.1. General overview of the methodology
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The results of the burden of disease in MEA study and the AD burden systematic review
revealed that there is a significant hidden burden associated with AD, represented in its

deteriorative effects on QoL and productivity losses for AD patients.

Therefore, our next study focused on the hidden burden of the disease. We defined the hidden
disease burden as the combined impact of economic consequences due to productivity loss

and QoL impairment caused by the disease.

In this study, we aimed to assess the size of this burden in adults and adolescents in CEE
countries, to provide decisionmakers with results that could help them assess the real burden
of the disease, after adding the traditional burden of disease components (e.g. treatment costs,
effects on mortality and morbidity). CEE countries were defined as countries that are
members of the European Union and are geographically located in CEE. These are 11
countries, and they include Bulgaria, Croatia, Czechia, Estonia, Hungary, Latvia, Lithuania,

Poland, Romania, Slovakia, and Slovenia.

The results in this study were reported in 2022 Euros. All costs and disease burden

components were also adjusted to 2022 as it was the base year for this study.
3.4.2. Number of patients estimation

To estimate a quantitative value for any burden of disease component in a specific country
using a bottom-up approach, we need to identify the number of affected patients in this
country. For this, we abstracted prevalence data subgrouped by age group from the GBD
study results (46). Table 2 below shows a summary of the estimated number of patients in
2022. Supplementary Table S6 shows the detailed estimated number of patients in each
country by age group.

Table 2 Estimated number of adults adolescents with AD in CEE countries in 2022

Country Number of patients
Poland 282,363
Hungary 109,718
Romania 101,527
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Czechia 82,171

Bulgaria 50,513
Slovak Republic 42,643
Croatia 32,266
Estonia 25,173
Lithuania 22,397
Slovenia 16,225
Latvia 8,872

3.4.3. Humanistic burden

To estimate the humanistic burden due to AD, we subtracted the QoL values for AD patients
from the general population’s average QoL. The QoL values for AD patients were estimated
using the methodology previously used in the MEA study, based on the two studies by Beikert
et al. and Ezzedine et al. (67, 68).

For the general population QoL, we used a study reporting values for Poland as a
representative for other CEE countries (70), due to the lack of similar studies in the other
included countries, assuming that the QoL values will not differ significantly between these
countries as they share similar socioeconomic status and cultural characteristics (71). A

summary of the values extracted from the study is found in Supplementary Table S7.

For each patient age group, we calculated the average QoL loss due to AD, then we multiplied
the resulting value with the number of patients in each subgroup to have a detailed table with

QoL loss for each age group per country. Data were further adjusted to gender to eliminate

the potential confounding due to gender differences.

The final equation to calculate the total humanistic burden per country was:

2’ ((General population utility for age group — utility of AD population in the age group)
* Number of patients in the age group)

25



We also calculated the hypothetical estimated monetary value of QoL lost due to AD based
on each country’s GDP per capita assuming that one lost QALY hypothetically corresponds

to each country’s GDP per capita. Calculating this estimate was essential to show non-

healthcare expert decisionmakers the size of burden due to loss in QoL.

3.4.4. Indirect costs

To calculate the indirect cost (represented in productivity loss), we used the same bottom-up
approach, based on the number of patients per country and the average burden per patient.
Productivity loss per patient estimate was calculated using the same methodology used in the
MEA study productivity loss calculations. This is estimating the number of days lost due to
absenteeism and presenteeism as a result of AD, then multiplying this value by the average

daily salary and adjusting the final value to LFPR and unemployment rate per country.
3.4.5. Total hidden burden

Total hidden burden was a simple calculation summing the monetary value of QoL lost and
productivity lost per country due to AD. This calculation resulted in an estimated monetary
value showing a single value for each country for the hidden burden of the disease, which is

very useful for decisionmakers in each country to make resource allocation decisions.

However, these values were not useful when comparing burden of disease between countries,
as the countries differ in their population size, average salary and other characteristics,
resulting in significant differences in the burden. To adjust for these and create a comparative
figure showing the relation between the burden in these countries, we calculated a new value:

the total hidden burden as a percentage of its GDP. This indicator shows a relative estimate

of how much the disease affects the country and is comparable between various countries.

In this study, the PhD candidate (BE) searched for relevant input sources for estimating the
burden. He also compiled the data and created the calculations to estimate the quantitative

values. Additionally, he analyzed the results and created the final report and manuscript in

collaboration with the co-authors.
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3.5. Reducing the burden of AD (Methods related to RQ4)

The aim of this study was to propose policy actions to be implemented by decision makers
to reduce the disease burden and complement the quantified values with strategies. However,
a specific policy intervention might be relevant for a country but not suitable to another.
Therefore, we conducted a study including experts from several countries to show different

perspectives and provide a list of potential interventions. Decision makers in each country

can use the results of this study to tailor specific action plans based on their local settings.

As a first step, we conducted a global scoping review to identify potential interventions or
recommendations that have been proposed to reduce the burden of AD. This review was the
foundation for the subsequent expert engagement activities. Next, two rounds of expert panel
meetings were organized, with an interim survey conducted between the rounds to inform
and guide the discussions. In the first round, an expert panel of healthcare decisionmakers
was convened to discuss the scoping review findings. Following this, a structured survey was
administered to the same experts to collect their opinions on the primary list of potential
interventions. Based on the survey results, a second round of the expert panel discussions
was held to validate the findings, identify the most potential actions, and show the pros and
cons of each intervention. Finally, we formulated all findings into specific actions and
grouped these into five domains. These domains included capacity building, research,

guidelines, patient support and education, and public awareness.
3.5.1. Scoping literature review

The scoping literature review was conducted in September 2021. We included studies that
discussed actions or recommendations by policymakers to reduce any AD burden of disease
component (economic burden, clinical burden, or humanistic burden). We searched PubMed
for peer-reviewed studies and Google Search engine for reports or white papers. The actions
were grouped into 6 domains according to their aim. The search terms used for the scoping
review were based on 2 domains: atopic dermatitis and policy actions. The search strategy
was designed to identify key policy actions to reduce the burden of AD, rather than to
comprehensively capture all possible interventions. Therefore, we intentionally focused on

specific terms commonly used in policy and health system contexts, rather than broader terms
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such as “interventions” and “actions”, which could have diluted the specificity of our search.
This targeted approach ensured we focussed on the relevant actions that can serve as a

foundation for expert discussions in subsequent steps. The search term used for searching

potential policy interventions is shown in Supplementary Table S8.
3.5.2. Expert panel

We convened an expert panel comprising seven healthcare policymakers from seven
countries across the MEA region to ensure a diverse and comprehensive perspective on
potential interventions. In addition, an international health policy expert moderated the expert
panel. They discussed each identified intervention from the scoping review based on its
applicability and potential impact in an open discussion. To be included in the expert panel,

an expert had to be a high-level health policy decisionmaker in his/ her country, and to have

relevant experience with burden of disease and resource allocation concepts.
3.5.3. Expert survey

For a more structured approach to evaluating potential interventions, we created an online
survey and shared it with the seven experts. They were asked to rank the six action domains

by prominence, then to identify the most promising recommendations within each domain.
3.5.4. Validation expert panel and formulating the recommendations

Following the survey, the experts reviewed and validated the survey results in the second
expert panel, with the moderation of the international policy expert. The panel aimed to create
a comprehensive list on all aspects related to the potential actions. The experts discussed each
potential action, and had a crystallized picture of the most potential recommendations before
reaching consensus on the list. The panel members also agreed to merge two of the original

domains and kept only five action domains. Finally, a full list of potential interventions was

created and formulated with details, and it was revised and validated by the experts.

In this study, the PhD candidate (BE) participated in the scoping literature review, analyzed
the interviews, helped in formulating the final recommendations, and co-authored the final

report and manuscript.
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4.Results

4.1.  Systematic literature review on the burden of AD (Findings related to RQ1)

4.1.1. General results

The systematic search resulted in 3,400 records after removing duplicates from various
databases. Additionally, 48 additional studies were identified through other methods. After
double screening titles and abstracts these records, 610 studies were deemed relevant for full
text screening. Full text screening phase excluded 407 records from search databases, 2
studies from other sources, and 16 records were inaccessible. Finally, 233 records were

eligible for final inclusion and analysis. Figure 2 shows the PRISMA flow diagram (64).
4.1.2. Included studies’ characteristics

Most of the included studies (66%) provided AD burden details from Europe and Central
Asia, though the United States was the most common country of the included studies (46
records), followed by Germany (35 records). There was only one study reporting data from
a low-income country, while most of the studies included focused on high income countries

(85%). Observational studies were the majority of the included studies (90%), while only

nine studies were economic models, and 36 studies were systematic reviews.
4.1.3. Clinical burden

Itch, depression, and anxiety were by far the most commonly reported impact parameters
related to the clinical burden of AD. Other clinical burden outcomes were also mentioned in
some studies including soreness, skin dryness (also known as xerosis), redness (also knows

as erythema), and suicidal ideas.
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Frequency of
Subgroup Impact )
mentions, n

= Depression 49
'§o Anxiety 42
E Suicidal ideation 11
> Stress 9
~ Other psychological impacts 8

ltch or pruritis 51
" Soreness/pain/tenderness 20
Eo Burning or heat or tingling sensation 6
7 Skin tightness

Skin sensitivity/sensitivity to sun

Dryness (xerosis) 13

Redness (erythema) 11

Bumps/blisters/papules/vesicles 6
% Thickening/lichenification 6
a Cracking/fissuring 5
§~ Edema/swelling 4
(Va]

Scaling/peeling 3

Hardening/flaking 2

Bleeding 2

Figure 3 Frequency of mentioning different clinical burden effects of AD in the included studies
Figure 3 shows the frequency of mentions of each of the clinical burden outcome sin the

included studies, subgrouped by psychological impacts, signs, and symptoms. .

Itch had a very high prevalence among AD patients in the included studies, with values
reaching up to 100% of patients in some studies. However, some studies also reported low

levels of itch among AD patients as low as 21% (72-77).

Several included studies asked patients about the level of itch they feel using the Peak
Pruritus Numerical Rating Scale (NRS-itch) (78) and asked them to provide a score for this
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level on a 0 to 10 scale, where 10 represents the worst itch feeling. Studies either reported
the mean or median itch levels among patients. In both types of studies, the average reported

level of itch was 6 (range 4-9 for median, and 3-9 for mean).

For depression, several studies provided quantitative values for prevalence of depression
among AD patients, as diagnosed by an expert. According to the included studies, the average
depression prevalence among AD patients was 18% (Range 3%-57%). However, for

patients’-reported depression, the average was even higher with 26% prevalence (range 10%
to 37%).

For anxiety, prevalence had similarly high values, with an average of 24% (Range 1%-64%).
One study reported that 41% of AD patients had moderate or severe anxiety, as they scored
11 points or more in the Hospital Anxiety and Depression Score (HADS) (79). HADS is one
of the most popular anxiety questionnaires providing scores ranging from 0 to 21. Patients

with mild symptoms score between 8 and 10, while those with severe symptoms score 11 or

higher (80, 81).
4.1.4. Humanistic burden

Humanistic burden is reported based on two outcomes: the frequency of mentions of
humanistic burden components, and the QoL scores of AD patients. AD reduces the QoL of
patients through several mechanisms. Psychological impacts were clearly the most

mentioned mechanism to reduce AD patients’ QoL with 78 mentions among the included

studies.
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Frequency of
Impact ]

mentions, n
Psychological 78
Sleep disturbance 55
Limitation in daily activity 33
Limitation in role: work 29
Limitation in social/leisure activities 25
Problems with interpersonal relationships 22
Limitation in role: school 21
Physical limitation 19
Problems with sexual functioning 15
Scratching 13
Bodily/physical discomfort 11
Lack of concentration 4
Suboptimal skin-related health perceptions/cognitions 4
Financial burden of buying special products 2

Figure 4 Frequency of mentioning humanistic burden impacts in the included studies

Additionally, other factors like sleep disturbance and limitations in daily activities also
significantly affected patients’ QoL. This was clear for the frequency of mentions of these
impacts in the included studies. Figure 4Error! Reference source not found. shows the
frequency of mentions of each of these, in addition to several other mechanisms responsible

for reducing AD patients’ QoLs with their frequency of mentions.

Sleep disturbance especially had special focus among the included studies with some studies
reporting up to 70% of AD patients suffering from any form of sleep disturbance, such as
difficulty in sleep induction or nocturnal awakening due to itch. Girolomoni et al. (82)
presented detailed subgroups of AD patients according to sleep disturbances, and showed
that more than 50% of patients had mild-moderate sleep difficulties, and approximately 10%
have severe sleep disturbance difficulties due to AD. Eckert et al. (83) reported that adequate

AD control can reduce sleep disturbances prevalence from 24% to 9%, emphasizing the role

of controlling the disease effectively on QoL.
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Several questionnaires were used to assess AD patients’ QoL, including DLQI, Visual Analog
Scale (VAS), 36-Item Short Form Health Survey (36-HF), Patient-Oriented Eczema Measure
(POEM), EQ-5D, AD Burden Scale, and Skindex. Most of these questionnaires provided data
subgrouped by several levels of severity, since the QoL of a mild AD patient is significantly

different than that of a severe patient.

Our systematic review included 597 data points reporting QoL questionnaires results for AD
patients. These data were adjusted and aggregated to create Table 3 below, which shows the
average utility value for each severity in addition to an average utility value for the

unstratified population for data points reporting AD patients QoL without severity subgroups.

Table 3 AD patient's QoL average utility values based on the included studies

Severity rank Number of studies | Average Minimum | Maximum
reporting values utility utility utility

Unstratified population | 71 0.779 0.432 0.940

1 3 0.873 0.869 0.877

2 25 0.807 0.732 0.912

3 15 0.728 0.633 0.832

4 25 0.676 0.551 0.881

5 3 0.548 0.420 0.668

Among the two dependent variables assessed in the multivariate regression model, only QoL
was significantly affected by the independent variables. AD costs were not significantly
affected by severity age, or gender based on the results of the included studies. Ad for QoL,
the multiple regression model showed that male AD patients had a significantly lower QoL
versus female AD patients (p = -0.863, p = 0.002). It also showed that age was not a
significant factor for reduced QoL (B = -0.005, p = 0.105). Higher disease severity levels
were inversely associated with QoL. For instance, compared to severity rank 4 (reference

category), severity rank 2 was associated with a significant positive effect on QoL (p =0.108,
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p <0.001), while severity rank 3 shows a smaller, non-significant positive association (B =

0.086, p = 0.087). Supplementary Table S9 shows the details of the QoL regression model.
4.1.5. Economic burden

The included studies discussed economic burden of AD as direct and indirect costs. Some
studies reported the total direct cost as a lump sum, while others provided a detailed

breakdown of resource utilization contributing to these costs.

Concerning healthcare resource utilization, Studies that did not subgroup patients by severity
showed that on average, AD patients visit dermatologists 8.6 times annually on average
(range 2.8 to 16.3), while primary care/ general practitioner visits averaged 16.5 visits

annually (range 5.3 to 32.8).

Emergency visits and hospitalizations were not common among AD patients in all severity
levels. For studies reporting resource utilization values by severity, as severity increased, the
frequency of emergency visits and hospitalization increased. For studies reporting data for
general AD patients, emergency visits frequency was low at an average of 0.8 emergency
visits annually (range 0.05-1.22). Hospitalizations average annual frequency was also low,
with 0.45 (range 0.08-1.46), and 0.75 (range 0.00-1.16) annual hospitalizations for severity

ranks 2 and 4, respectively.

Total costs were difficult to compare among studies, due to difference in each study’s country,
patient severity levels, treatment guidelines, income levels, and inclusion of cost
components. We calculated an average among all studies reporting total cost, and the average
was 5,246 USD (2020) annually per patient (range 769 to 23,638 USD). Total direct costs
were 4,411 USD on average, and total indirect costs were 9,068 USD on average. Table 4

below shows a summary of direct and indirect cost average values form the included studies.
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Table 4 Average annual cost per AD patient

Type of Number of | Number of | Minimum | Average | Maximum

economic studies patients in reported | cost/ reported

burden reporting the studies cost/ USD | USD cost/ USD
the cost

Total direct 9 119,750 940 4411 11,536

cost

Total indirect 3 218 1289 9068 15,650

cost
Costs are in 2020 USD

For indirect costs, several studies reported absenteeism and presenteeism values to report

productivity loss due to AD. Twenty studies reported absenteeism values, 13 studies reported

presenteeism values, and 14 studies reported both absenteeism and presenteeism values due

to AD.

Annually, AD patients lose 68.8 days of productivity on average due to their disease,

including both absenteeism (14.8 days) and presenteeism (54.0 days). Table 5 below shows

a summary of the calculated average productivity loss values due to AD, showing an

increasing trend in the number of days lost as severity increases.

Table 5 Productivity loss average values due to AD

Severity rank Absenteeism only (days) Presenteeism Total
only (days) (days)

Unstratified population | 14.8 54.0 68.8

1 2.5 13.6 16.1

2 14.0 58.5 72.5

3 233 78.5 101.8

4 24.0 95.5 119.4

5 26.5 92.5 119.0
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4.2. Humanistic and economic burden of AD in the MEA region (Findings
related to RQ2)

4.2.1. Humanistic burden
We calculated the average utility loss per patient in each age group. Table 6 below shows
summarizes the data abstracted from the literature about the general population utility and

the utility of average severity AD patients by age groups. It also shows the difference between

those values, assumed to be the annual utility loss per patient due to AD in each age group.

Table 6 Annual utility loss per patient due to AD

Age range, years Average non- Average AD patient | Average utility lost
patient utility* utility™ per AD patient
10-14 0.93 0.76 0.17
15-19 0.93 0.70 0.23
20-24 0.93 0.77 0.15
25-34 0.92 0.73 0.18
35-44 0.90 0.71 0.19
45-54 0.86 0.68 0.18
55-64 0.82 0.54 0.28
65-74 0.80 0.71 0.09
>75 0.72 0.61 0.11

* Adapted from Janssen et al. (69)
tAdapted from Beikert et al. (67) and Ezzedine et al. (68)

The results show that utility losses due to AD vary by age with no clear trend. Average utility
losses due to AD range from 0.09 to 0.28 for the various age groups, with the group of 55-64
suffering the highest annual utility loss, and the group aged 65-74 suffering the least utility

losses due to the disease.

Table 7 below shows the annual QALY loss due to AD across the age groups and countries

included. Because AD is a non-fatal disease, annual utility loss was assumed to be equal to
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annual QALY losses. Due to the absent or negligible effect of AD on survival (the other

component of QALYs).

Table 7 Annual QALY loss per country due to AD

Age

range

10-14
15-19
20-24
25-34
35-44
45-54
55-64
65-74
Above
75

Sum

Utility
Loss for
AD per
patient
0.17
0.23
0.15
0.18
0.19
0.18
0.28
0.09
0.11

QALY loss per year
Egypt | Algeria | South | Saudi United | Lebanon | Kuwait
Africa | Arabia Arab
Emirates
18,337 | 9,893 | 15,548 | 6,724 1,122 1,152 761
17,381 9,204 | 13,464 | 7,841 1,037 1,028 710
11,104 6,510 | 6,598 | 6,446 638 707 599
22,984 | 17,116 | 11,545 18,438 | 4,139 2,215 | 2,313
16,420 | 13,109 | 7,326 | 15,414 | 6,374 1,515 | 2,091
8,150 6,738 | 4,856 | 6,006 2,041 838 889
6,583 5,052 | 5,843 | 2,953 670 683 414
874 716 1,102 | 286 38 119 38
405 452 689 108 7 96 25
102,238 | 68,789 | 66,972 | 64,215 16,067 8,352 | 7,840

Annual QALY losses differed significantly between different countries ranging from 7,840
QALYs lost annually in Kuwait, to 102,238 QALY lost in Egypt. The results should be

interpreted carefully, as the QALY loss calculation includes several confounding factors such

as population size and age distribution pattern.

Because each country differs in the age distribution structure and number of AD patients, the

average AD loss per patient per country was not similar. We calculated the weighted average

utility loss per patient for each country, to show on average how much utilities are lost per

patient in each country. However, the values were very close, ranging from 0.185 in Lebanon

to 0.189 in United Arab Emirates, showing that approximately, an AD patient loses 20% of

his/her annual QoL due to the disease.
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4.2.2. Economic burden

42.2.1. Direct healthcare costs

Expert interviews and data from the literature provided estimations for the average direct
healthcare costs per AD patient per year. Total AD healthcare costs per country involve the
number of patients in each country as well. Table 8 shows a summary of average annual cost

per patient and the total annal cost per country. All provided values in the table are in 2019

United States Dollars (USD).

Table 8 AD Healthcare costs (direct costs) per country

Country Average annual cost per Annual cost
patient/USD per country/million USD
Algeria 312 42.8
Egypt 469 95.5
Kuwait 2,880 44.8
Lebanon 817 13.6
Saudi Arabia 780 99.5
South Africa 449 60.1
United Arab Emirates 3,569 112.5

Costs are in 2019 USD

The annual treatment costs for an AD patient vary widely in the selected countries, ranging
from 312 USD in Algeria, up to 3,569 USD in United Arab Emirates. Similarly, the annual
treatment cost per country shows significant variation, range from 13.6 million USD in
Lebanon up to 112.5 million USD in United Arba Emirates. However, direct comparisons of
annual treatment costs across countries should not be performed, as the number of patients

differ significantly between countries, influencing the overall expenditure.

4.2.2.2. Indirect costs (productivity losses)

39



Based on the simple literature research we conducted, the average productivity loss for an
AD patient was approximately 6.1 days annually due to absenteeism, and 22.9 days due to

presenteeism, summing up to 28.9 days of productivity lost annually due to the disease.

Country specific productivity losses showed a wide range of assumed economic losses due
to AD patients’ absenteeism and presenteeism. Table 9 below summarizes the indirect costs
per country in 2019 USD and shows a calculation of the value of indirect costs as a percentage

of each country’s GDP to allow for cross country comparison. Indirect costs as a percentage

of GDP ranged from 0.022% in Algeria to 0.061% in Lebanon.

Table 9 Indirect costs due to AD per country

Country Indirect costs / million USD | Indirect costs as a % of GDP
Algeria 37.9 0.022%
Egypt 54.9 0.022%
Saudi Arabia 363.7 0.046%
Kuwait 61.8 0.044%
Lebanon 333 0.061%
South Africa 152.1 0.041%
United Arab Emirates 228.0 0.054%

Costs are in 2019 USD
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Figure 5 Total indirect costs in countries subgrouped by direct and indirect costs

Figure 5 shows a summary of indirect costs per country, subgrouped by absenteeism and

presenteeism components.

4.2.3. Total burden

The total burden component including direct costs, indirect costs, and monetary value of

QALYs lost are presented in Table 10 below. All costs in the table are in million 2019 USD.

The total annal burden of AD in the selected countries range from 113.9 million USD in
Lebanon to 1,961.8 million USD in Saudi Arabia.

Table 10 AD total burden including economic burden and humanistic burden

Country

Algeria

Egypt

Economic burden Monetary Total
Healthcare | Indirect Total Value of | burden*/
costs*/ costs**/ | economic = QALYSs million
million million | burdent*/| lost */ USD

USD USD million million
USD UusSD
42.8 (53%) | 37.9 (47%) | 80.7 285.7 366.4
95.5(63%) | 54.9 (37%) | 150.4 259.4 409.8

41



Kuwait 44.8 (42%) | 61.7 (58%) 106.5 266.5 373.0

Lebanon 13.6 (29%) | 333 (71%) | 46.9 66.9 113.9

Saudi Arabia 99.5(21%) | 3637 463.2 1,498.6 | 1,961.8
(79%)

South Africa 60.1 (28%) | 152.1 212.2 426.8 639.0
(72%)

United Arab Emirates | 112.5 (33%) |  228.0 340.5 7044 | 1,044.9
(67%)

All costs are shown in million 2019 USD
*million USD (% of total economic burden)

+The sum of healthcare costs and indirect costs/ million USD

However, all these values are not comparable between countries. For this, I created Table 11,
to allow comparability between countries, as the values are adjusted to the national GDP of
each country. Values in the table are in proportions of the GDP per country. The results show
that AD consumes a significant value of the GDP for a non-fatal skin disease. It consumed
values ranging from 0.164% of the national GDP (Egypt), up to 0.265% of the national GDP
(Kuwait).

Table 11 AD burden components as a percentage of national GDP per country

Cost as % of GDP

Country Economic burden Monetary Total
Healthcare | Indirect Total Value of burden
cost cost economic | QALYs lost
burden’
Algeria 0.022 0.024 0.046 0.163 0.209
Egypt 0.038 0.022 0.060 0.104 0.164
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Kuwait 0.032
Lebanon 0.025
Saudi Arabia 0.013
South Africa 0.016

United Arab Emirates 0.027

0.044

0.061

0.046

0.041

0.054

TThe sum of healthcare costs and indirect costs

4.3. Hidden burden of AD in CEE countries (Findings related to RQ3)

4.3.1. Humanistic burden

Similar to the humanistic burden estimated for the MEA region study, we estimated the QoL
loss in CEE countries. Table 12 below shows the annual estimates QALY s lost due to AD per
country, subgrouped by age groups. The table also provides an estimate of the total QALY's
lost in each country. These ranged from 1,832 QALY in Latvia to 58,856 QALY's in Poland.

The weighted average utility loss values were close, having a narrow range from 0.205-0.209

among CEE countries.

Additionally, Table 12 shows the estimated monetary values of QALY lost due to AD

ranging from 38 million Euros annually in Latvia, to more than 1 billion Euros annually in

Poland.

The values shown in Table 12 do not allow for cross country comparability, because the CEE

0.076

0.085

0.059

0.058

0.081

0.189

0.122

0.191

0.116

0.167

countries differ in their population sizes, GDPs and age group distributions.
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Table 12 Annual humanistic burden due to AD

Age range Poland Hungary | Romania | Czechia | Bulgaria | Slovakia | Croatia | Estonia | Lithua | Sloveni | Latvia
nia a
QALYs lostin 10-14 range | g 404 3,337 3,564 2,664 1,489 1,309 964 1,001 709 475 347
QALYs lost in 15-19 6,879 2,882 2,696 1,894 1,184 1,067 816 676 589 377 228
range
QALYs lost in 20-24 range | 3 779 1,497 1,218 911 550 580 462 306 310 194 95
QALYs lostin 25-34 range | 7 68 2,670 2,247 2,031 1,226 1,198 768 667 555 384 210
QALYs lost in 35-4d range | g 31) 3,197 2,526 2,348 1,335 1,267 798 608 476 440 177
QALYs lost in 45-54 range | 6 345 2,702 2,620 2,081 1,284 1,027 778 550 557 419 196
QALYs lost in 55-64 range | 11 182 3,875 3,751 2,916 1,996 1,638 1,312 870 933 672 361
QALYs lost in 65-74 range | 3 415 1,319 1,253 1,111 720 485 394 252 243 196 106
QALYs lost in above 75 2,672 1,179 1,085 890 597 352 388 281 287 205 113
range
Total QALYS lost 58,856 | 22,656 | 20,960 16,846 | 10,382 | 8,922 @ 6,680 5,210 | 4,658 | 3,363 | 1,832
(per population)
Weighted Average Utility 0.208 0.206 0.206 0.205 0.206 0.209 | 0.207 | 0.207 | 0.208 | 0.207 | 0.207
Loss (per patient)
Monetary value of QALYs 1,024 397 316 442 136 180 117 140 110 94 38

lost/ million EUR

EUR: Euros, QALYSs: Quality-adjusted Life Years
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4.3.2. Indirect costs (productivity losses)

For productivity loss calculations, we present the indirect cost details in Table 13 below.
Presenteeism represent the larger proportion of productivity loss due to AD. Estimated total
indirect costs ranged from 3.6 million EUR in Latvia, up to 149 million EUR in Poland.

However, these values are not comparable, due to the different settings among countries.

Table 13 Indirect costs of AD in CEE countries

Country Indirect costs Indirect costs Total indirect
(absenteeism)/EUR (presenteeism)/EUR cost/EUR
Poland 31,131,114 117,750,982 148,882,096
Hungary 9,601,467 36,316,792 45,918,259
Romania 5,644,941 21,351,545 26,996,486
Czechia 11,661,309 44,107,982 55,769,291
Bulgaria 3,433,068 12,985,310 16,418,378
Slovakia 4,065,516 15,377,494 19,443,010
Croatia 2,752,817 10,412,312 13,165,129
Estonia 3,384,810 12,802,775 16,187,585
Lithuania 2,452,073 9,274,773 11,726,846
Slovenia 1,962,584 7,423,318 9,385,902
Latvia 747,295 2,826,586 3,573,881

4.3.3. Total hidden burden

The total hidden burden for AD in CEE countries showed a significantly larger components

of QALY's lost compared to productivity losses. The total burden ranged from 42 million
EUR annually in Latvia, to 1.2 billion EUR in Poland.



Table 14 Total AD hidden burden in CEE countries

Country Monetary value of QALY's Indirect Total hidden
losttEUR costs’EUR costs’EUR
Poland 1,023,992,982 148,882,096 1,172,875,078
Hungary 397,238,250 45,918,259 443,156,509
Romania 316,320,614 26,996,486 343,317,100
Czechia 442,137,697 55,769,291 497,906,987
Bulgaria 135,779,348 16,418,378 152,197,725
Slovakia 180,108,395 19,443,010 199,551,404
Croatia 116,799,725 13,165,129 129,964,853
Estonia 140,182,768 16,187,585 156,370,353
Lithuania 109,810,527 11,726,846 121,537,373
Slovenia 94,072,208 9,385,902 103,458,110
Latvia 38,019,556 3,573,881 41,593,436

0.50%

0.43%

0.40%
0.35%
0.30%
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0.20%
0.15%
0.10%
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Estonia Hungary Croatia

0.45%

Cost as a % of GDP

Total AD hidden cost as a % of GDP

0.26%

0.18% 0.18%

0.18%

0.19%  0.18% 0.18%
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Figure 6 Total AD hidden burden as a percentage of GDP in CEE countries

To allow comparability between these countries and understand the relative effect of AD

hidden burden on each country, we created Figure 6 above. This figure compares the total
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AD hidden burden values (presented in Table 14) as a percentage of the national GDP of each
country. This allows cross country comparison and shows that Estonia was the most affected
by AD with the disease consuming 0.43% of its GDP for its hidden burden components only,
and that Latvia was the least affected with the hidden burden of AD consuming 0.11% of'its
GDP.

4.4. Reducing the burden of AD (Findings related to RQ4)

4.4.1. Scoping review

For the reduction of AD burden study, we identified 397 hits from the search, of which 83
were eligible for inclusion and data analysis as they included relevant data about potential
actions for reducing the burden of AD. The actions identified were categorized into six action
domains: capacity building, public awareness, patient education, patient support, guidelines,

and research. All actions extracted from the literature were grouped into these domains as

shown in Table 15 below.

Table 15 Potential actions identified from the literature categorized into six action domains

Domain Detailed actions

Research e Quantify the burden of AD on patients and caregivers
related e Conduct research to assess the loss in QoL due to the disease
actions e Develop a national action plan to reduce AD burden

e Study the impact of nurse-led clinics

e Study the effect of communication on steroid phobia

e Research to identify the gaps in the diagnosis and treatment of AD

e Research to enhance patient adherence to medications and special
formulations

e Conduct research to identify the most impactful communication

methods
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Capacity
building
related

actions

Guidelines
related

actions

Increase the number of dermatologists

Specialized training/education for nurses and general practitioners
(GPs) in dermatology

Communication skills training for dermatologists

Develop telemedicine to compensate for the low number and
uneven distribution of dermatologists among geographical regions
Provide consultation fees to physicians from public resources for
patient education

Using unified and validated measures of AD severity by all
stakeholders in the health system

Define specific evidence-informed guidelines for treatments
Involve nurses in patient education as they may have more time to
spend with patients than dermatologists (this would provide better
outcomes)

Establish recommendations for multidisciplinary care concept
where the medical team should include dermatologists,
pediatricians, nutritionists, and psychologists.

Develop guidelines for hospitalization of treatment-resistant
patients

Monitor and evaluate quality of care with relevant and practical
metrics

Encourage shared decision-making with patients to improve their
adherence (e.g., involving patients in the choice of moisturizers)
Prescribe an adequate amount of moisturizers (not more and not
less)

Include psychological therapy to the treatment protocol
Individualize patient treatment and care based on specific needs and
characteristics of each patient (disease severity, age, educational

level, etc.)
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Patient
education
related

actions

Update therapeutic plan in scheduled follow-up visits

Monitor and improve patients' adherence

1. Content of patient education

Application of topical interventions in an effective way

Allergens that increase the severity and frequency of flares
Benefits and safety of topical corticosteroids to reduce steroid
phobia

Avoidance of certain detergents and dealing with laundry

Management of symptoms (e.g., itch)

. Channels of patient education

Involvement of different health care professionals (dermatologists,
GPs and nurses) to patient education

Explanation by health care professionals how topical medications
should be applied

Printed materials (e.g., written plan on disease management)

Other educational channels like posters, videos (doctor-patient
interviews), widgets, reminders, booklets, and drawings of objects

of everyday life

3. General guidelines for education

Educating parents and caregivers in addition to patients

Frequency of follow-up visits with patients

Advice for using online search (what to search and the validity of
the information)

Management of'the training programs (face to face meetings/ online
content/ how many hours should be invested/ group
education/educating patients by age groups)

Offering (but not forcing) patient education about management of

AD
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Patient
support
related

actions

Public
awareness
related

actions

1. Support domains

Provide psychological and emotional support
Provide behavioral support

Improve adherence by detailed communication with patients

2. Patient support channels:

Patient support and patient advocacy groups
Support groups for parents of children with AD
School support programs
Online support programs
Setting up patient organizations and empowering existing patient
organizations
Provide financial support to AD patients to reduce the burden on
households
Educate the public about AD to reduce the social stigma and help
patients feel more accepted by their peers
Promote smoking cessation to decrease the prevalence of the disease
Encourage the use of powder-free gloves to reduce the incidence of
AD
Share a consistent message through different channels across

countries and regions
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Figure 7 Summary of potential actions and recommendations to reduce the burden of AD
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4.4.3. Expert panels and survey

During the expert meetings, they agreed to merge two of the action domains: “patient
support” and “patient education”, as there was consensus that these domains are closely

related, and that some actions can fit in both domains.

The experts’ panels and survey helped experts to formulate the uncategorized, and
unharmonized action domains into clear and specific actions, and they prioritized those
actions that might have a higher impact on reducing the burden. A summary of the general
policy actions and recommendations was created and validated during these meetings. This
is presented in Figure 7. It shows the five action domains with detailed actions. Some of these
actions were relevant to certain settings, and others were relevant to all settings. The figure

shows all recommended actions without details of relevance to each specific setting.

Capacity-building actions prioritize increasing the number of specialists and providing
specialized training for healthcare professionals, including dermatologists, nurses, and
general practitioners. Additionally, telemedicine was highlighted as an important tool to

expand access to care.

Public awareness domain initiatives focus on addressing social stigma, promoting smoking

cessation, and encouraging the use of preventive measures like powder-free gloves.

Developing evidence-informed treatment guidelines, using standardized severity measures,
and ensuring the availability of essential treatments like moisturizers, form the foundation of

guideline-focused actions.

Lastly, research domain priorities include assessing the broader impact of AD on families,
understanding the QoL burden, and devising national action plans to reduce AD prevalence

effectively.
4.4.4. Final recommendations

After the experts’ panels, and survey, the experts created a simple concise list with the most
potential actions based on the ease of implementation and highest impact. This list was

created through collaborative discussions between the experts after comparing the various
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options’ perceived potential to reduce the burden. Below, we present the distilled shortlist
recommendations and policy actions suggested to reduce the burden of AD based on expert

consensus:

e C(reate country-specific action plans for policy interventions that should target
different stakeholder groups.

e Improve patient access to more effective medicines to provide an opportunity to
reduce the burden of AD.

e The relevant group of healthcare professionals (dermatologists, general practitioners,
pharmacists, nurses) should be selected to provide patient education in each country.

e Empower social media for public awareness about AD and its management.

e Conduct cost-effectiveness studies with a broader societal perspective (including

indirect costs).Prepare counseling materials to help AD patients -especially

adolescents- overcome the negative psychological impact of the disease.
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5.Discussion

5.1. General overview of the research outcomes

Although AD is often considered a non-serious dermatological disease due to its non- fatal
nature (12), our research shows that it imposes a significant burden on adult and adolescent
patients, particularly in its severe cases. These studies provide comprehensive evidence on

the disease burden components.

While the direct medical costs of AD - often limited to basic topical treatments - are well
documented, the hidden burden of the disease is frequently underestimated (61, 84). This
hidden burden includes reduced QoL and productivity losses, which when assessed from a
societal perspective translate into considerable indirect economic costs (61). Notably, QoL
findings reveal a striking average value of up to 20% loss across different countries. This
figure is considered exceptionally high for a skin disease. However, the SLR findings show
that AD is a debilitating and stressful disease for patients and their families. The chronic daily
symptoms - irritation, pain, and continuous discomfort justify this value. This is reflected in

the high prevalence of depression and psychiatric comorbidities associated with AD.

Given the high global prevalence of AD, its overall disease burden is comparable, and
sometimes exceeds, that of more severe conditions (14). For instance, according to GBD, the
age standardized rate of DALYs lost due to AD surpasses that of more severe diseases, such
as liver cirrhosis and other chronic liver diseases due to alcohol use. This difference is not
attributable to higher burden per individual patient, but rather to the substantial burden across

the whole population, and significant impairment in QoL (14).

Based on the GBD 2021 estimates, AD’s associated all age DALY s globally was estimated
as 5.6 million DALY's. This was comparable to the burden of other non-fatal diseases such

as peptic ulcer (6.1 million DALYs), and even higher than other serious disease such as
encephalitis (5.0 million DALYs)(85).
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5.2. The burden of AD in adults and adolescents globally

The SLR study highlighted the clinical burden of the disease, including its associated
comorbidities, signs, and symptoms. It also included data about the factors and disease effects
that contribute to each patients’ reduced QoL. These clinical and humanistic impacts per
patient seem to be consistent across different populations and are not specifically confined to

a certain population or geographic area.

Our SLR findings related to humanistic burden are concordant with the findings by Eckert et
al. on the burden of AD in adults in several European countries (83). Both studies show that
reduction in QoL for AD patients mainly arises from effects such as anxiety, depression, and
sleep disorders. Another study also confirms the significant hidden burden of the disease

related to QoL losses and loss in productivity (54).

However, other disease burden components vary significantly across different countries. To

capture these differences, we conducted studies across several regions.

5.3. Burden cannot be directly compared across countries

When estimating the burden of AD (either direct costs, indirect costs, or QALY's lost) in
several countries, it is not logic to use these absolute values to compare across countries.
Using these unadjusted values results in false interpretations. For instance, in the MEA study,
annual AD direct costs in 2019 in the UAE were estimated at 112.5 million USD, while in
Egypt, the annual cost was 42.8 million. This does not mean that AD is more severe or
necessarily more common in UAE, since this value is not adjusted to population size or
healthcare services costs. When we compared the average annual cost per patient, it showed
that costs of treatment in UAE may reach up to 10 times the costs of treatment of AD in
Egypt (3,569 USD vs 312 USD). This was the main driver for the high burden in UAE

compared to Egypt. These values reflect directly on the burden estimation, creating a larger

economic burden in UAE as absolute terms.

The primary objective of our studies was not to conduct comparisons between countries or
regions, but to present the individual burden within each country to support local decision-

making. Local decision makers are typically not concerned with whether the burden in their
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country is higher or lower than in others, they are more focused on reducing the burden within

their own country.

For this reason, we avoided direct comparisons among regions, and did not use purchasing
power parity to align costs across countries. Nevertheless, in certain cases, we conducted
limited comparisons to assess whether a country’s burden was notably higher than the
average of countries with similar contexts. burden compared to the average of similar settings
countries. To do this, we adjusted the cost values relative to each county’s GDP. This
adjustment allowed us to express the burden as a proportion of the GDP accounting for
differences in population size and economic development. These GDP-adjusted values
enabled us to identify countries with disproportionately high or low burden levels relative to

their economic state.

5.4. Humanistic and economic burden of AD in the MEA region

Our study in the MEA region showed the quantitative values for reduction in QoL (expressed
as QALYs lost) in different countries in this region.

This area is of specific interest as it includes countries that share several aspects (e.g.
geographical location, climate, culture, language, or level of development), while they are
still significantly different in terms of population size, GDP/ capita, and availability ofhealth
technologies (86-88) .

When comparing burden of disease components as a percent of GDPin the MEA countries,
the results show that the total burden of AD consumes 0.164%-0.265% of the GDP in the

included countries, with a wide variability between countries.

Kuwait has the highest total burden of 0.265% of GDP, driven by both the monetary value of
QALYs lost valued at 0.189% and a high indirect cost burden of 0.044%. In contrast, the

lowest total burden is recorded for Egypt at 0.164%, with close contributions from healthcare

costs valued at 0.06% and indirect costs at 0.104%.

The results also bring into focus the heterogeneity on the economic burden that AD presents,

depending on a nation's relative indirect productivity costs compared with direct healthcare
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costs. In all countries except Egypt, the value of indirect costs due to AD were higher than
the direct healthcare costs, reaching up to more than 3 times its value in Saudi Arabia. In
Egypt, direct healthcare costs represented the larger proportion of the total economic burden
at 63%. This was not attributable to the high health costs, but it to the low indirect costs due

to the lower average salary in Egypt compared to the other included countries (89).

In Saudi Arabia, the overall burden of 0.249%, reflected a different pattern, with indirect
costs higher at 0.046% than health care costs at 0.013%. Similarly, the UAE has a high total
burden of 0.247%, with significant indirect costs of 0.054% and monetary value of QALYs
lost at 0.167%. These findings argue for focusing on these burden components in these
countries, especially due to the higher value of presenteeism and absenteeism compared to
other countries. Algeria reports the lowest economic burden at 0.046% of GDP, but the total
burden increases to 0.209% with the significant monetary value of QALY s lost being 0.163%.

The indirect cost burden is highest among the countries in Lebanon, at 0.061%, contributing
to a total burden of 0.207%. This shows that there is great societal and economic importance
regarding AD, mainly through loss of productivity. These results thus indicate that
interventions targeted at reducing absenteeism and presenteeism, coupled with better disease
management, may have beneficial effects on mitigating the economic burden in Lebanon and

other similar settings.

Although AD only contributes to one component of QALY s lost, as it reduces QoL but does
not affect survival, the value of QALY lost seems to be significant, owing to the high
prevalence, and the significantly reduced QoL, especially in more severe stages. The findings
show that patients lose approximately 20% of their QoL due to AD, which is alarmingly high
for a non-fatal skin disease, especially considering that this figure represents the average AD
patient, not just those with severe forms. This substantial impact may be explained by the
results of our SLR, which reveal that patients experience additional distressing complications
such as night flares, consistent itching, and psychiatric issues, including, in some cases,
suicidal ideation. These findings confirm that AD is associated with a significant often hidden

burden. The substantial monetary value of QALY lost in most countries underlines the
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urgent need to prioritize interventions that improve patients' QoL and reduce disease-related

disability.

This study revealed that a significant proportion of the burden stems from hidden burden
components, with direct medical costs accounting for only a small fraction of the total
burden. This pattern was consistently observed across all countries included in the study (as
illustrated in Table 10), underscoring the need for more attention to the less tangible, but

significant aspects of AD’s burden, which outweigh the obvious direct medical costs.
Therefore, our next study focused on studying these components.

5.5. Hidden burden of AD in CEE

The study was conducted for Central Eastern European countries to quantify the hidden
burden of AD across these countries and provide the policymakers with evidence to inform
their decisions on burden reduction strategies, offering insights into the more complex and

challenging-to-quantify hidden burden.

Similarly, the results of the hidden burden of AD in CEE study shows the heterogeneity
among the various included countries. In absolute terms, Poland had the highest hidden
burden of AD with more than 1.1 billion Euros lost annually. Other countries ranged between
42 million to 443 million EUR annually. However, this higher burden is primarily attributable

to Poland’s larger population compared to other included countries.

In all included countries, the monetary value of QALY's lost represents the larger proportion
of total hidden burden, ranging from 87% to 92% of the total hidden burden. This emphasizes

the importance of interventions aiming at improving patients’ QoL in these countries.

For comparability, values for hidden burden were divided by the GDP per country.
Interestingly, the results showed that Estonia had the highest value of total AD hidden cost
as a percentage of GDP at 0.43%. This may be due to Estonia’s high disease prevalence
(2.18%), compared to less than 1.30% in the other CEE countries.

Next comes Hungary, with a hidden cost estimated at 0.26% of GDP, which is far lower

compared to Estonia but higher compared to the rest. The next cluster is Croatia, Slovakia,
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Lithuania, Czechia, Bulgaria, Poland, and Slovenia, all of which estimated hidden costs at
approximately 0.18% of GDP, suggesting a relatively homogenous economic burden of AD
within that region. Romania and Latvia have the lowest hidden costs, with 0.12% and 0.11%
of GDP, respectively.

This can point out a better integration of the AD management strategies into their healthcare
systems or less societal disruption caused by the disease. Alternatively, these figures could

reflect underreporting of indirect costs or differences in data collection and methodology.

The CEE study findings align with the study conducted by Augustin et al., which explored
the true costs of AD in Europe (61). That study estimated annual indirect costs at 15.2 billion
EUR across Europe, while our research places this figure at approximately 3.4 billion EUR
for selected CEE countries within the region. This amount reflects the CEE region's
proportional share within the broader European context. It is worth noting that Western
European countries, with their higher GDP per capita, tend to bear higher absolute costs of

the disease burden.

The results are also consistent with the findings of Shin et al. (90), who analyzed global and
regional trends in allergic disorders, including AD, using data from the GBD study. Both
studies emphasize the substantial humanistic impact of AD. While Shin et al. focused on the
global burden, our study highlights its effects within the CEE region. Regarding the
humanistic burden, our findings mirror Shin et al.’s observation that the average DALY's for

AD have remained relatively stable worldwide, as has the weighted average utility loss.

5.6. Actions to reduce the burden of AD

Our last study was conducted to complement these studies by delivering tangible results,
ultimately providing a comprehensive solution for decisionmakers. After quantifying the
different burden of disease components, the proposed actions to reduce the burden of AD
concludes our research outcomes. Decisionmakers are expected to assess the relative burden
of AD within their specific settings and select the potential actions that suits their settings, to
reach an ultimate goal of reducing the burden of AD and improving health outcomes for the

population.
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To reduce the burden of AD, experts advice that focus should be on five domains: capacity
building, public awareness, patient support and education, guidelines, and research. Our
research provided a list of specific actions in each of these domains. Experts clearly advised
that policies that might be successful in specific countries, might not be successful in another.
For example, one of the experts panel members advised that, while educating patients to
eliminate steroid phobia is a potential action to reduce the burden, this is not essential and
useful in his country because there, generally, the phobia of steroids among the patients is
uncommon. This emphasizes that before implementation, actions should be assessed and

adjusted to country-specific settings.

Experts agreed that effective reduction in the burden of AD will require country-specific
action plans for policy interventions to address the needs of the diverse stakeholder groups.
They said that it is vital to improve access to more effective treatments for patients, to
alleviate the challenges posed by AD. The involvement of healthcare professionals, including
dermatologists, general practitioners, pharmacists, and nurses, should be done to provide
patient education in each country. Furthermore, social media can be utilized to a large extent
to raise public awareness of AD and its management. Cost-effectiveness studies with a
broader societal perspective, including indirect costs, are needed for informed decision-
making. In addition, counseling materials should be prepared in order to help AD patients,

especially adolescents, overcome the negative psychological effects of the disease.

There is no single intervention that is universally effective across all countries. According to
the experts’ discussions, an intervention that efficiently reduces the burden in one specific
settings, may be inefficient or unsustainable in another. This shows the importance of tailored
country plans that should be based on local burden patterns, available resources, social and
cultural aspects, and health system readiness. Despite this, a universally endorsed
intervention domain was the enhancement of patient education. This intervention was
advocated by all experts, especially due to its relatively low cost, and potential high impact
in alleviating the clinical burden. However, its implementation is still expected to differ

significantly across countries, depending on local settings.
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5.7.  Barriers for implementing evidence-informed policy interventions

Implementing these recommendations faces some barriers at a general system level and at a
domain-specific level. At the general system level, challenges include limited budgets,
competing health priorities, a shortage of trained personnel, low adherence to clinical
guidelines by healthcare providers, inconsistent use of HTA or burden data in decision-

making, and a lack of political will.

At the domain-specific level, patient support and education is hindered from factors such as
limited time and trained staff, along with a lack of structured programs. Public awareness
could be limited due to competing health messaging priorities. Healthcare system capacity is
constrained by dermatologist shortages and limited access to modern therapies. Clinical
guidelines are often poorly disseminated and inadequately implemented, with limited local
adaptation. Finally, research and data domain limitations include scarce funding, fragmented

health systems, and weak integration of evidence into policy.

5.8. Research beneficiaries

This research can support a wide range of stakeholders towards efficient allocation of their
resources. First, decisionmakers and payers in the included countries can use the country-
specific data provided to prioritize interventions and allocate resources efficiently to reduce
the burden of AD in their countries. Decisionmakers and payers in other countries can also
apply the same estimates to understand and address AD within their own healthcare systems.
Additionally, all healthcare decisionmakers can benefit from this research by understanding
the global burden and hidden costs of AD in general. Finally, health economists and
researchers can leverage the methods used in these studies to conduct similar burden of

disease studies for other conditions or other countries.

5.9. Limitations
The limitations identified in our research highlight several challenges in accurately capturing
the AD’s burden. Heterogeneity in data reporting, with variations in methodologies and

severity levels complicated the ability to summarize data accurately and lead to excluding

relevant data. Several studies did not mention a clear definition of severity levels, while
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severity levels significantly affect the outcomes. Our severity ranks partially overcame this
limitation, however, results should be interpreted with caution, as severity is a main
contributor to the quantified value of disease burden. We ensured to exclude inconsistent data
and to systematically recategorize findings into comparable and homogenous groups, to be

able to create accurate estimates.

We kept all our estimates conservative, acknowledging that the actual burden is likely slightly

higher than our estimates. Efforts were made to adjust for confounders and minimize

inaccuracies to provide a logical and reasonable approximation of the burden.

Although the SLR results were comprehensive, some of its findings had limited applicability,
as they primarily discuss global averages. These averages may not significantly support local
decisionmakers in implementing targeted strategies to reduce the burden of AD within
specific contexts. Recognizing this limitation, our subsequent studies address this gap and

provide country-specific data for informed decision making.

Assessing only specific countries in the studied regions is a limitation to these studies.
However, this selective approach was intentional, as these regions face significant data gaps
in quantifying key components of AD’s burden. By focusing on areas with limited data, we
aimed to address critical data gaps and provide valuable insights. In regions or contexts with
no data gaps, conducting additional research would be unnecessary. For instance, direct
healthcare costs of AD were comprehensively covered in the literature by a recent study in

Europe (61), eliminating the need to duplicate efforts in quantifying this aspect.

A key limitation is the reliance on international data due to the lack of local data. This
approach involves adjusting global data to local demographics, but may fail to reflect exact
local nuances, potentially leading to inaccuracies. Methodological challenges, such as using

proxy data from other countries also reduces the accuracy of estimates.

We did not evaluate the caregiver burden. While AD caregivers may experience reduced QoL

and productivity loss, these are more evident in caregivers for children with AD. However,
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in older patients, the effect is minor. Also, there is a lack of sufficient studies providing
reliable quantitative values for this burden. Therefore, in line with our conservative approach,

we did not include caregiver burden to avoid potential overestimation of the burden due to

the scarcity of reliable data.

Prevalence estimates from the GBD study were likely underestimated, as many AD patients
may be undiagnosed, leaving a significant portion of the population unaccounted for.
Additionally, the exclusion of certain cost components, such as non-medical direct costs,
informal caregiving expenses, and the psychological impact on caregivers, might

underestimate the burden, however, this is in line with our conservative approach.

Limited representation of lower-income countries, where data collection is sparse,
contributes to potential underestimation of the burden in these settings. Underreporting of
cases in some countries also likely affects the accuracy of key metrics like prevalence,

economic costs, and overall burden.

Additional hidden burden components were not included in our estimations. In line with our
conservative approach, we excluded indirect costs beyond productivity losses, as well as
intangible costs, such as pain or fear. For instance, barriers to accessing healthcare services,
such as difficulty in accessing healthcare facilities or treatments. These challenges create a
burden on patients and their caregivers, particularly when timely access to these services is
impeded. Such factors still contribute to the total burden, but their effect can be considered

negligible in comparison to the major direct and productivity loss indirect costs.

The recommendations provided by our research are primarily general in nature. For each
country, a critical final step involves adapting these recommendations to fit the specific
national context, including the country’s healthcare infrastructure, economic conditions, and
population needs. This contextualization is essential to ensure the recommendations are both
relevant and effective and relevant in addressing the unique challenges faced by individual
countries. Furthermore, while the current evidence on recommendations is not supported by

robust evidence on the effectiveness of each intervention, this research was intended to be
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exploratory. Nonetheless, the strategies proposed remain actionable and are intended to serve
as a foundation for future policy initiatives, including targeted policy trials and evaluations

that can rigorously measure the impact of each proposed action.

We assume these minor inaccuracies would not affect the validity of our results. It is
important to note that burden of disease studies are not designed to deliver perfectly accurate
figures; rather, they aim to provide a rough estimate of the burden's magnitude. This

approximation is intended to be sufficient for informing policymakers and guiding decisions

related to resource allocation and intervention strategies.

5.10. Future research recommendations

This research highlights the necessity of conducting similar comprehensive burden of disease
studies across various disease areas. Conducting such studies at a country-specific level is

essential to provide useful local data. These insights considered crucial tools for

decisionmakers to effectively implement HTA, and to use the available resources efficiently.
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6.Conclusions

ADis a very prevalent dermatological disease that has several stages. Without quantification,
the disease seems to be a simple, non-fatal dermatological condition with a low comparative
burden among other disease areas. Therefore, experts are usually not concerned with

allocating resources to mitigate such a simple disease and are not interested in exploring

potential actions to reduce that burden.

Our research findings reveal the unexpectedly significant burden of AD, that is comparable
to much more severe diseases. This high burden stems from two main factors: the very high

prevalence of the disease, and the hidden burden through effects on reducing productivity
and QoL.

It might be assumed that reduction in QoL due to AD is minor, while the research findings
reveal that around 20% of the QoL of an average adult or adolescent patient is lost due to AD

with an average annual utility loss per patient of 0.205 to 0.209.

Economic burden of the disease is significantly different among patients in different
countries. However, the common finding is that AD’s indirect costs are usually much more
than its simple direct costs, and that reducing absenteeism or presenteeism for patients would

result in preventing a significant proportion of the burden.

In all countries studied, hidden burden components were the major contributors to the disease

burden, further emphasizing that the disease burden is usually underestimated.

Simple actions can significantly reduce the substantial disease burden. According to health
policy experts, actions like educating patients, and public awareness will have an impact on

reducing the burden, with minimal additional costs.

Decisionmakers are recommended to use the findings of this study to assess the burden in
their countries and use the policy actions and recommendations list to tailor a specific action

plan and ultimately reduce the burden of AD effectively.
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7. Summary

AD is a chronic inflammatory skin disease that significantly affects adolescents and adults.
Given the high prevalence of AD and its non-fatal nature, it is usually deprioritized among

disease areas for resource allocation.

This research, however, shows that AD’s impact is substantial in adultsand adolescents. This
is primarily attributable to hidden burden components, such as productivity loss and reduced
QoL. Additionally, AD also imposes an economic burden on healthcare systems and

societies.

We aimed to comprehensively assess the burden of AD in adults and adolescents. A
systematic literature review was conducted to evaluate the global clinical, economic, and
humanistic burdens of AD. The findings provided insights about QoL loss, disability-
adjusted life years, and economic burden. Based on this, region-specific studies were
conducted to quantify AD’s burden in the MEA region, and in CEE. These studies showed
the significant effects of indirect costs and the huge societal burden due to lost productivity

and reduced QoL.

Humanistic burden is a major contributor to the total AD burden in Middle East-Africa, and
CEE countries, reaching up to several multiples of the value of the economic burden. Indirect
costs are also much higher than direct medical costs of the disease, reaching up to 70% of the

total economic burden in countries like Saudi Arabia, South Africa, and Lebanon.

In additiontoburden of disease quantification, this research proposed actions to reduce AD’s
burden. We identified potential policy interventions through a literature search,
complemented by an expert panel. Experts recommended that these interventions should be

tailored to each country, based on its challenges and healthcare system structure.

The findings of our studies help to inform decisionmakers on the actual disease burden,
emphasizing the major contribution of the hidden burden to the total burden. Interventions
should be taken to mitigate this burden through allocating the available resources effectively

toward reducing AD’s societal and economic impacts.

66



8. References

1. Weidinger S, Novak N. Atopic dermatitis. Lancet. 2016;387(10023):1109-22.
2. NIAMS. Atopic Dermatitis: National Institiute of Arthritis and Muscloskeletal and

Skin Diseases; 2017 Available from: https:/www.niams.nih.gov/health-topics/atopic-

dermatitis.

3. Bosma AL, Ouwerkerk W, Giinal M, Hyseni AM, Arents BWM, Gerbens LAA,
Middelkamp-Hup MA, de Boer A, Spuls PI. Work ability and quality of working life in atopic
dermatitis patients treated with dupilumab. J Dermatol. 2021;48(9):1305-14.

4. Eckert L, Gupta S, Amand C, Gadkari A, Mahajan P, Gelfand JM. Impact of atopic
dermatitis on health-related quality of life and productivity in adults in the United States: An
analysis using the National Health and Wellness Survey. Journal of the American Academy
of Dermatology. 2017;77(2):274-9.¢3.

5. Vakharia PP, Silverberg JI. Adult-onset atopic dermatitis: characteristics and
management. American Journal of Clinical Dermatology. 2019;20:771-9.

6. Roduit C, Frei R, Loss G, Biichele G, Weber J, Depner M, Loeliger S, Dalphin M-L,
Roponen M, Hyvirinen A. Development of atopic dermatitis according to age of onset and
association with early-life exposures. Journal of allergy and clinical immunology.
2012;130(1):130-6. eS5.

7. Barbarot S, Auziere S, Gadkari A, Girolomoni G, Puig L, Simpson E, Margolis D, de
Bruin-Weller M, Eckert L. Epidemiology of atopic dermatitis in adults: results from an
international survey. Allergy. 2018;73(6):1284-93.

8. Ricci G, Bellini F, Dondi A, Patrizi A, Pession A. Atopic dermatitis in adolescence.
Dermatol Reports. 2012;4(1):el.

9. Fishbein AB, Silverberg JI, Wilson EJ, Ong PY. Update on Atopic Dermatitis:
Diagnosis, Severity Assessment, and Treatment Selection. J Allergy Clin Immunol Pract.
2020;8(1):91-101.

10. Hiibenthal M, Dai C, Brown SJ, Heinrich L, Kind B, Harder I, Schmitt J, Werfel T,
Weidinger S. Mapping SCORing of Atopic Dermatitis (SCORAD) and objective SCORAD

67


https://www.niams.nih.gov/health-topics/atopic-dermatitis
https://www.niams.nih.gov/health-topics/atopic-dermatitis

to the Eczema Area and Severity Index to facilitate large-scale meta-analyses of molecular
data. BrJ Dermatol. 2024;191(4):637-9.

I1. Ali FM, Kay R, Finlay AY, Piguet V, Kupfer J, Dalgard F, Salek MS. Mapping of the
DLQI scores to EQ-5D utility values using ordinal logistic regression. Quality of Life
Research. 2017;26(11):3025-34.

12.  GlobalSkin.Org. Policy Drivers in Atopic Eczema: Patient Leader Dialogue Report.
2018 2 Nov 2024. Abailable from:https://globalskin.ore/images/Publications/Policy-Drivers-
in-Atopic-Eczema-2018-11-28.pdf.

13.  Urban K, Chu S, Giesey RL, Mehrmal S, Uppal P, Nedley N, Delost GR. The global,

regional, and national burden of atopic dermatitis in 195 countries and territories: an
ecological study from the Global Burden of Disease Study 2017. JAAD international.
2021;2:12-8.

14. Laughter MR, Maymone MBC, Mashayekhi S, Arents BWM, Karimkhani C, Langan
SM, Dellavalle RP, Flohr C. The global burden of atopic dermatitis: lessons from the Global
Burden of Disease Study 1990-2017%*. British Journal of Dermatology. 2021;184(2):304-9.
15. Tian J, Zhang D, Yang Y, Huang Y, Wang L, Yao X, Lu Q. Global epidemiology of
atopic dermatitis: a comprehensive systematic analysis and modelling study. Br J Dermatol.
2023;190(1):55-61.

16.  Abuabara K, Yu A, Okhovat JP, Allen I, Langan SM. The prevalence of atopic
dermatitis beyond childhood: a systematic review and meta-analysis of longitudinal studies.
Allergy. 2018;73(3):696-704.

17. Mathiesen SM, Thomsen SF. The prevalence of atopic dermatitis in adults: systematic
review on population studies. Dermatology Online Journal. 2019;25(8).

18. Hadi HA, Tarmizi Al, Khalid KA, Gajdacs M, Aslam A, Jamshed S. The
Epidemiology and Global Burden of Atopic Dermatitis: A Narrative Review. Life (Basel).
2021;11(9).

19.  Bylund S, von Kobyletzki LB, Svalstedt M, Svensson A. Prevalence and incidence

of atopic dermatitis: a systematic review. Acta dermato-venereologica. 2020;100(12).

68


https://globalskin.org/images/Publications/Policy-Drivers-in-Atopic-Eczema-2018-11-28.pdf
https://globalskin.org/images/Publications/Policy-Drivers-in-Atopic-Eczema-2018-11-28.pdf

20. Silverberg JI, Hanifin J, Simpson EL. Climatic factors are associated with childhood
eczema prevalence in the United States. Journal of Investigative Dermatology.
2013;133(7):1752-9.

21. Kim YM, Kim J, Han Y, Jeon BH, Cheong HK, Ahn K. Short-term effects of weather
and air pollution on atopic dermatitis symptoms in children: A panel study in Korea. PLoS
One. 2017;12(4):e0175229.

22.  Lumanity. The story behind the numbers: how burden of illness studies add value to
HTA submissions. 2022. Abailable from:https://lumanity.com/wp-

content/uploads/2022/12/The-story-behind-the-numbers-how-burden-of-illness-studies-

add-value-to-HTA -submissions.pdf8.

23. Ismaila AS, Sayani AP, Marin M, Su Z. Clinical, economic, and humanistic burden
of asthma in Canada: a systematic review. BMC Pulmonary Medicine. 2013;13(1):70.

24.  Max Roser HR, Fiona Spooner. Burden of Disease OurWorldinData.org.2021
Available from: https://ourworldindata.org/burden-of-disease.

25. Chen K, Krasner A, Li N, Xiang CQ, Totev T, Xie J. Clinical burden and healthcare

resource utilization among patients with chronic hypoparathyroidism, overall and by
adequately vs not adequately controlled disease: a multi-country chart review. Journal of
Medical Economics. 2019;22(11):1141-52.

26.  Jenkinson C. Quality of Life Britannica: Britannica

2024 [Cited:14/12/2024]. Available from: https://www.britannica.com/topic/quality-of-life.

27. Torrance GW. Utility approach to measuring health-related quality of life. Journal of
Chronic Diseases. 1987;40(6):593-600.

28.  NICE. Glossary: Utility 2024 [Cited:14/12/2024].  Available  from:
https://www.nice.org.uk/glossary?letter=u#:~:text=Utility,and %201 %20(perfect%20health).

29.  York. Utility York Health Economics Consortium; 2016: York Health Economics
Consortium; 2016; 2016 [Cited:25/9/2022]. Available from:
https://vhec.co.uk/glossary/utility/.

30.  WHO. Disability-adjusted life years (DALYs) 2019 [Cited:8/12/2024]. Available

from: https://www.who.int/data/gho/indicator-metadata-registry/imr-details/158.

69


https://lumanity.com/wp-content/uploads/2022/12/The-story-behind-the-numbers-how-burden-of-illness-studies-add-value-to-HTA-submissions.pdf8
https://lumanity.com/wp-content/uploads/2022/12/The-story-behind-the-numbers-how-burden-of-illness-studies-add-value-to-HTA-submissions.pdf8
https://lumanity.com/wp-content/uploads/2022/12/The-story-behind-the-numbers-how-burden-of-illness-studies-add-value-to-HTA-submissions.pdf8
https://ourworldindata.org/burden-of-disease
https://www.britannica.com/topic/quality-of-life
https://www.nice.org.uk/glossary?letter=u#:~:text=Utility,and%201%20(perfect%20health
https://yhec.co.uk/glossary/utility/
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/158

31. Broome J. Qalys. Journal of Public Economics. 1993;50(2):149-67.

32. Weintraub WS. The economic burden of illness. JAMA Network Open.
2023;6(3):¢232663-¢.

33.  Manjelievskaia J, Boytsov N, Brouillette MA, Onyekwere U, Pierce E, Goldblum O,
Bonafede M. The direct and indirect costs of adult atopic dermatitis. J Manag Care Spec
Pharm. 2021;27(10):1416-25.

34.  Mitchell RJ, Bates P. Measuring Health-Related Productivity Loss. Population Health
Management. 2010;14(2):93-8.

35. Devleesschauwer B, Maertens de Noordhout C, Smit GSA, Duchateau L, Doy P,
Stein C, Van Oyen H, Speybroeck N. Quantifying burden of disease to support public health
policy in Belgium: opportunities and constraints. BMC Public Health. 2014;14(1):1196.

36. Baltussen R, Niessen L. Priority setting of health interventions: the need for multi-
criteria decision analysis. Cost Effectiveness and Resource Allocation. 2006;4(1):14.

37. ECEuropa. Health technology assessment overview 2022 [Cited:11/11/2024].

Available from:; https://health.ec.europa.cu/health-technology-assessment/overview en.

38. Polinder S, Haagsma JA, Stein C, Havelaar AH. Systematic review of general burden
of disease studies using disability-adjusted life years. Population Health Metrics.
2012;10(1):21.

39.  Murray CJL. The Global Burden of Disease Study at 30 years. Nature Medicine.
2022;28(10):2019-26.

40. Haneef R, Schmidt J, Gallay A, Devleesschauwer B, Grant [, Rommel A, Wyper GM,
Van Oyen H, Hilderink H, Ziese T. Recommendations to plan a national burden of disease
study. Archives of Public Health. 2021;79:1-8.

41. Stuckler D, Siegel K, Duffany KOC, Kishore S, Stevens D, Basu S. 4 Comprehensive
strategies to reduce the burden of chronic diseases: € What are the best ways to reduce the
burden of chronic disease? In: Stuckler D, Siegel K, editors. Sick Societies: Responding to
the global challenge of chronic disease: Oxford University Press; 2011. p. 0.

42. Khang Y-H. Burden of noncommunicable diseases and national strategies to control

them in Korea. Journal of preventive medicine and public health. 2013;46(4):155.

70


https://health.ec.europa.eu/health-technology-assessment/overview_en

43. CDC. Part II: Economic Impact Analysis. Cost of Illness: The Second of a Five-Part
Series 2016 [Cited:13/12/2024]. Available from: https:/www.cdc.gov/cardiovascular-

resources/media/pdfs/Economic-Evaluation-Part2.pdf.

44.  Berke R, Singh A, Guralnick M. Atopic dermatitis: an overview. American family
physician. 2012;86(1):35-42.

45.  Andersen L, Nyeland M, Nyberg F. Increasing severity of atopic dermatitis is
associated with a negative impact on work productivity among adults with atopic dermatitis
in France, Germany, the UK and the USA. British Journal of Dermatology.
2020;182(4):1007-16.

46. Global Health Data Exchange. GBD Results Tool| GHDx 2021 [Cited:20/8/2021].
Available from: http:/ghdx.healthdata.org/ebdresults-tool/.

47. Kyu HH, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, Abbastabar H, Abd-
Allah F, Abdela J, Abdelalim A, Abdollahpour I, Abdulkader RS, Abebe M, Abebe Z, Abil
0OZ, Aboyans V, Abrham AR, Abu-Raddad LJ, Abu-Rmeileh NME, Accrombessi MMK,
Acharya D, Acharya P, Ackerman IN, Adamu AA, Adebayo OM, Adekanmbi V, Ademi Z,
Adetokunboh OO, Adib MG, Adsuar JC, Afanvi KA, Afarideh M, Afshin A, Agarwal G,
Agesa KM, Aggarwal R, Aghayan SA, Agrawal A, Ahmadi A, Ahmadi M, Ahmadieh H,
Ahmed MB, Ahmed S, Aichour AN, Aichour I, Aichour MTE, Akinyemiju T, Akseer N, Al-
Aly Z,Al-Eyadhy A, Al-Mekhlafi HM, Al-Raddadi RM, Alahdab F, Alam K, Alam T, Alashi
A, Alavian SM, Alene KA, Alijjanzadeh M, Alizadeh-Navaei R, Aljunid SM, Alkerwi Aa,
Alla F, Allebeck P, Alonso J, Alsharif U, Altirkawi K, Alvis-Guzman N, Aminde LN, Amini
E, Amiresmaili M, Ammar W, Amoako YA, Anber NH, Andrei CL, Androudi S, Animut MD,
Anjomshoa M, Ansha MG, Antonio CAT, Anwari P, Arabloo J, Aremu O, Armlov J, Arora A,
Arora M, Artaman A, Aryal KK, Asayesh H, Ataro Z, Ausloos M, Avila-Burgos L, Avokpaho
EFGA, Awasthi A, Ayala Quintanilla BP, Ayer R, Azzopardi PS, Babazadeh A, Badali H,
Balakrishnan K, Bali AG, Banach M, Banoub JAM, Barac A, Barboza MA, Barker-Collo

SL, Béarnighausen TW, Barquera S, Barrero LH, Bazargan-Hejazi S, Bedi N, Beghi E,
Behzadifar M, Behzadifar M, Bekele BB, Bekru ET, Belachew AB, Belay YA, Bell ML,
Bello AK, Bennett DA, Bensenor IM, Berhane A, Bernabe E, Bemstein RS, Beuran M,
Beyranvand T, Bhala N, Bhatt S, Bhaumik S, Bhutta ZA, Biadgo B, Biehl MH, Bijani A,

71


https://www.cdc.gov/cardiovascular-resources/media/pdfs/Economic-Evaluation-Part2.pdf
https://www.cdc.gov/cardiovascular-resources/media/pdfs/Economic-Evaluation-Part2.pdf
http://ghdx.healthdata.org/gbdresults-tool/

Bikbov B, Bilano V, Bililign N, Bin Sayeed MS, Bisanzio D, Bjerge T, Bleyer A, Bobasa
EM, Bou-Orm IR, Boufous S, Bourne R, Brady OJ, Brant LC, Brayne C, Brazinova A,
Breitborde NJK, Brenner H, Briant PS, Briko AN, Britton G, Brugha T, Buchbinder R, Busse
R, Butt ZA, Cahuana-Hurtado L, Campuzano Rincon JC, Cano J, Cardenas R, Carrero JJ,
Carter A, Carvalho F, Castafieda-Orjuela CA, Castillo Rivas J, Castro F, Catala-Lopez F,
Cercy KM, Cerin E, Chaiah Y, Chang J-C, Charlson FJ, Chattu VK, Chiang PP-C, Chitheer
A, Choi J-YJ, Christensen H, Christopher DJ, Chung S-C, Cicuttini FM, Cirillo M, Collado-
Mateo D, Cooper C, Cortesi PA, Cortinovis M, Cousin E, Criqui MH, Cromwell EA, Cross
M, Crump JA, Daba AK, Dachew BA, Dadi AF, Dandona L, Dandona R, Dargan PI, Daryani
A, Das Gupta R, Das Neves J, Dasa TT, Davitoiu DV, De La Hoz FP, De Leo D, De Neve J-
W, De Steur H, Degefa MG, Degenhardt L, Deiparine S, Demoz GT, Denova-Gutiérrez E,
Deribe K, Dervenis N, Des Jarlais DC, Dey S, Dharmaratne SD, Dhimal M, Dinberu MT,
Dirac MA, Djalalinia S, Doan L, Dokova K, Doku DT, Dorsey ER, Doyle KE, Driscoll TR,
Dubey M, Dubljanin E, Duken EE, Duncan BB, Duraes AR, Ebrahimi H, Ebrahimpour S,
Echko MM, Edessa D, Edvardsson D, Effiong A, Eggen AE, Ehrlich JR, El Bcheraoui C, El-
Khatib Z, Elyazar IRF, Enayati A, Endalifer ML, Endries AY, Er B, Erskine HE, Eskandarieh
S, Esteghamati A, Esteghamati S, Fakhim H, Faramarzi M, Fareed M, Farhadi F, Farid TA,
Farinha CSEs, Farioli A, Faro A, Farzadfar F, Fazaeli AA, Feigin VL, Fentahun N,
Fereshtehnejad S-M, Fernandes E, Fernandes JC, Ferrari AJ, Ferreira ML, Filip 1, Fischer F,
Fitzmaurice C, Foigt NA, Foreman KJ, Frank TD, Fukumoto T, Fullman N, Fiirst T, Furtado
JM, Gakidou E, Gall S, Gallus S, Ganji M, Garcia-Basteiro AL, Gardner WM, Gebre AK,
Gebremedhin AT, Gebremichael TG, Gelano TF, Geleijnse JM, Genova-Maleras R, Geramo
YCD, Gething PW, Gezae KE, Ghadami MR, Ghadiri K, Ghasemi-Kasman M, Ghimire M,
Ghoshal AG, Gill PS, Gill TK, Ginawi IA, Giussani G, Gnedovskaya EV, Goldberg EM, Goli
S, Gomez-Dantés H, Gona PN, Gopalani SV, Gorman TM, Goulart AC, Goulart BNG, Grada
A, Grosso G, Gugnani HC, Guillemin F, Guo Y, Gupta PC, Gupta R, Gupta R, Gupta T,
Gutiérrez RA, Gyawali B, Haagsma JA, Hachinski V, Hafezi-Nejad N, Haghparast Bidgoli
H, Hagos TB, Hailegiyorgis TT, Haj-Mirzaian A, Haj-Mirzaian A, Hamadeh RR, Hamidi S,
Handal AJ, Hankey GJ, Hao Y, Harb HL, Harikrishnan S, Haririan H, Haro JM, Hassankhani
H, Hassen HY, Havmoeller R, Hay RJ, Hay SI, Hedayatizadeh-Omran A, Heibati B, Hendrie

72



D, Henok A, Heredia-Pi I, Herteliu C, Heydarpour F, Heydarpour P, Hibstu DT, Hoek HW,
Hoffman HJ, Hole MK, Homaie Rad E, Hoogar P, Hosgood HD, Hosseini SM, Hosseinzadeh
M, Hostiuc M, Hostiuc S, Hotez PJ, Hoy DG, Hsairi M, Htet AS, Huang JJ, Iburg KM, Ikeda
CT, llesanmi OS, Irvani SSN, Irvine CMS, Islam SMS, Islami F, Jacobsen KH, Jahangiry L,
Jahanmehr N, Jain SK, Jakovljevic M, James SL, Jayatilleke AU, Jeemon P, Jha RP, Jha V,
Ji JS, Johnson CO, Jonas JB, Jonnagaddala J, Jorjoran Shushtari Z, Joshi A, Jozwiak JJ,
Jungari SB, Jiirisson M, Kabir Z, Kadel R, Kahsay A, Kalani R, Kanchan T, Kar C, Karami
M, Karami Matin B, Karch A, Karema C, Karimi N, Karimi SM, Kasaeian A, Kassa DH,
Kassa GM, Kassa TD, Kassebaum NJ, Katikireddi SV, Kaul A, Kawakami N, Kazemi Z,
Karyani AK, Keighobadi MM, Keiyoro PN, Kemmer L, Kemp GR, Kengne AP, Keren A,
Khader YS, Khafaei B, Khafaie MA, Khajavi A, Khalid N, Khalil IA, Khan EA, Khan MS,
Khan MA, Khang Y-H, Khater MM, Khazaei M, Khoja AT, Khosravi A, Khosravi MH,
Kiadaliri AA, Kidanemariam ZT, Kiirithio DN, Kim C-I, Kim D, Kim Y-E, Kim Y],
Kimokoti RW, Kinfu Y, Kisa A, Kissimova-Skarbek K, Knudsen AKS, Kocamik JM,
Kochhar S, Kokubo Y, Kolola T, Kopec JA, Kosen S, Kotsakis GA, Koul PA, Koyanagi A,
Krishan K, Krishnaswami S, Krohn KJ, Kuate Defo B, Kucuk Bicer B, Kumar GA, Kumar
M, Kuzin I, Lad DP, Lad SD, Lafranconi A, Lalloo R, Lallukka T, Lami FH, Lang JJ, Langan
SM, Lansingh VC, Latifi A, Lau KM-M, Lazarus JV, Leasher JL, Ledesma JR, Lee PH, Leigh
J, Leili M, Leshargie CT, Leung J, Levi M, Lewycka S, Li S, LiY, Liang X, Liao Y, Liben
ML, Lim L-L, Lim SS, Limenih MA, Linn S, Liu S, Looker KJ, Lopez AD, Lorkowski S,
Lotufo PA, Lozano R, Lucas TCD, Lunevicius R, Lyons RA, Ma S, Macarayan ERK, Mackay
MT, Maddison ER, Madotto F, Maghavani DP, Mai HT, Majdan M, Majdzadeh R, Majeed
A, Malekzadeh R, Malta DC, Mamun AA, Manda A-L, Manguerra H, Mansournia MA,
Mantilla Herrera AM, Mantovani LG, Maravilla JC, Marcenes W, Marks A, Martins-Melo
FR, Martopullo I, Médrz W, Marzan MB, Massano J, Massenburg BB, Mathur MR, Maulik
PK, Mazidi M, McAlinden C, McGrath JJ, McKee M, McMahon BJ, Mchata S, Mehrotra R,
Mehta KM, Mehta V, Mejia-Rodriguez F, Mekonen T, Melese A, Melku M, Memiah PTN,
Memish ZA, Mendoza W, Mengistu G, Mensah GA, Mereta ST, Meretoja A, Meretoja TJ,
Mestrovic T, Miazgowski B, Miazgowski T, Millear Al, Miller TR, Mini GK, Mirarefin M,
Mirica A, Mirrakhimov EM, Misganaw AT, Mitchell PB, Mitiku H, Moazen B, Mohajer B,

73



Mohammad KA, Mohammadi M, Mohammadifard N, Mohammadnia-Afrouzi M,
Mohammed MA, Mohammed S, Mohebi F, Mokdad AH, Molokhia M, Monasta L, Montafiez
JC, Moosazadeh M, Moradi G, Moradi M, Moradi-Lakeh M, Moradinazar M, Moraga P,
Morawska L, Moreno Velasquez I, Morgado-Da-Costa J, Morrison SD, Moschos MM,
Mousavi SM, Mruts KB, Muche AA, Muchiec KF, Mueller UO, Muhammed OS,
Mukhopadhyay S, Muller K, Mumford JE, Murthy GVS, Musa KI, Mustafa G, Nabhan AF,
Nagata C, Nagel G, Naghavi M, Naheed A, Nahvijou A, Naik G, Najafi F, Nam HS, Nangia
V, Nansseu JR, Neamati N, Negoi I, Negoi RI, Neupane S, Newton CRJ, Ngunjirt JW,
Nguyen AQ, Nguyen G, Nguyen HT, Nguyen HLT, Nguyen HT, Nguyen LH, Nguyen M,
Nguyen NB, Nguyen SH, Nichols E, Ningrum DNA, Nixon MR, Nomura S, Noroozi M,
Norrving B, Noubiap JJ, Nouri HR, Shiadeh MN, Nowroozi MR, Nsoesie EO, Nyasulu PS,
Odell CM, Ofori-Asenso R, Ogbo FA, Oh I-H, Oladimeji O, Olagunju AT, Olagunju TO,
Olivares PR, Olsen HE, Olusanya BO, Olusanya JO, Ong KL, Ong SK, Oren E, Ortiz A, Ota
E, Otstavnov SS, Overland S, Owolabi MO, P A M, Pacella R, Pakhare AP, Pakpour AH,
Pana A, Panda-Jonas S, Park E-K, Park J, Parry CDH, Parsian H, Pasdar Y, Patel S, Patil ST,
Patle A, Patton GC, Paturi VR, Paudel D, Paulson KR, Pearce N, Pereira A, Pereira DM,
Perico N, Pesudovs K, Petzold M, Pham HQ, Phillips MR, Pigott DM, Pillay JD, Piradov
MA, Pirsaheb M, Pishgar F, Plana-Ripoll O, Polinder S, Popova S, Postma MJ, Pourshams
A, Poustchi H, Prabhakaran D, Prakash S, Prakash V, Prasad N, Purcell CA, Qorbani M,
Quistberg DA, Radfar A, Rafay A, Rafiei A, Rahim F, Rahimi K, Rahimi Z, Rahimi-
Movaghar A, Rahimi-Movaghar V, Rahman M, Rahman MHU, Rahman MA, Rahman SU,
Rai RK, Rajati F, Ranjan P, Rao PC, Rasella D, Rawaf DL, Rawaf S, Reddy KS, Reiner RC,
Reitsma MB, Remuzzi G, Renzaho AMN, Resnikoff S, Rezaei S, Rezai MS, Ribeiro ALP,
Roberts NLS, Robinson SR, Roever L, Ronfani L, Roshandel G, Rostami A, Roth GA,
Rothenbacher D, Rubagotti E, Sachdev PS, Sadat N, Sadeghi E, Saecedi Moghaddam S, Safari
H, Safari Y, Safari-Faramani R, Safdarian M, Safi S, Safiri S, Sagar R, Sahebkar A, Sahraian
MA, Sajadi HS, Salam N, Salama JS, Salamati P, Saleem Z, Salimi Y, Salimzadeh H,
Salomon JA, Salvi SS, Salz I, Samy AM, Sanabria J, Sanchez-Nifio MD, Santomauro DF,
Santos IS, Santos JV, Santric Milicevic MM, Sao Jose BP, Sardana M, Sarker AR, Sarmiento -
Suédrez R, Sarrafzadegan N, Sartorius B, Sarvi S, Sathian B, Satpathy M, Sawant AR,

74



Sawhney M, Saxena S, Schaeffner E, Schmidt MI, Schneider IJC, Schutte AE, Schwebel DC,
Schwendicke F, Scott JG, Sekerija M, Sepanlou SG, Servan-Mori E, Seyedmousavi S,
Shabaninejad H, Shafieesabet A, Shahbazi M, Shaheen AA, Shaikh MA, Shams-Beyranvand
M, Shamsi M, Sharafi H, Sharafi K, Sharif M, Sharif-Alhoseini M, Sharma J, Sharma R, She
J, Sheikh A, Shi P, Shibuya K, Shiferaw MS, Shigematsu M, Shiri R, Shirkoohi R, Shiue I,
Shokoohinia Y, Shokraneh F, Shoman H, Shrime MG, Si S, Siabani S, Sibai AM, Siddiqi TJ,
Sigfusdottir ID, Sigurvinsdottir R, Silva DAS, Silva JP, Silveira DGA, Singam NSV, Singh
JA, Singh NP, Singh V, Sinha DN, Skiadaresi E, Skirbekk V, Sliwa K, Smith DL, Smith M,
Soares Filho AM, Sobaih BH, Sobhani S, Soofi M, Sorensen RJD, Soriano JB, Soyiri IN,
Sposato LA, Sreeramareddy CT, Srinivasan V, Stanaway JD, Starodubov VI, Stein DJ,
Steiner C, Steiner TJ, Stokes MA, Stovner LJ, Subart ML, Sudaryanto A, Sufiyan MaB, Sulo
G, Sunguya BF, Sur PJ, Sykes BL, Sylaja PN, Sylte DO, Szoeke CEI, Tabarés-Seisdedos R,
Tabuchi T, Tadakamadla SK, Tandon N, Tassew SG, Tavakkoli M, Taveira N, Taylor HR,
Tehrani-Banihashemi A, Tekalign TG, Tekelemedhin SW, Tekle MG, Temsah M-H, Temsah
O, Terkawi AS, Tessema B, Teweldemedhin M, Thankappan KR, Theis A, Thirunavukkarasu
S, Thomas N, Tilahun B, To QG, Tonelli M, Topor-Madry R, Torre AE, Tortajada-Girbés M,
Touvier M, Tovani-Palone MR, Towbin JA, Tran BX, Tran KB, Troeger CE, Tsadik AG, Tsoi
D, Tudor Car L, Tyrovolas S, Ukwaja KN, Ullah I, Undurraga EA, Updike RL, Usman MS,
Uthman OA, Vaduganathan M, Vaezi A, Valdez PR, Varavikova E, Varughese S, Vasankari
TJ, Venketasubramanian N, Villafaina S, Violante FS, Vladimirov SK, Vlassov V, Vollset SE,
Vos T, Vosoughi K, Vujcic IS, Wagnew FS, Waheed Y, Wang Y, Wang Y-P, Weiderpass E,
Weintraub RG, Weiss DJ, Weldegebreal F, Weldegwergs KG, Werdecker A, West TE,
Westerman R, Whiteford HA, Widecka J, Wijeratne T, Williams HC, Wilner LB, Wilson S,
Winkler AS, Wiyeh AB, Wiysonge CS, Wolfe CDA, Woolf AD, Wyper GMA, Xavier D, Xu
G, Yadgir S, Yahyazadeh Jabbari SH, Yamada T, Yan LL, Yano Y, Yaseri M, Yasin Y],
Yeshaneh A, Yimer EM, Yip P, Yisma E, Yonemoto N, Yoon S-J, Yotebieng M, Younis MZ,
Yousefifard M, Yu C, Zadnik V, Zaidi Z, Zaman SB, Zamani M, Zandian H, Zar HJ, Zenebe
ZM, Zhou M, Zipkin B, Zodpey S, Zucker I, Zuhlke LJ, Murray CJL. Global, regional, and
national disability-adjusted life-years (DALYs) for 359 diseases and injuries and healthy life
expectancy (HALE) for 195 countries and territories, 1990&#x2013;2017: a systematic

75



analysis for the Global Burden of Disease Study 2017. The Lancet. 2018;392(10159):1859-
922.

48. Chu CY, Chan Y, Wananukul S, Cheng H, Chandran NS, Bhat R, Son SW, Liao HF,
Gardiner S, Ng QQ, Yeo SH, Chen SB, Kataoka Y. Quality of Life and Burden of Moderate-
to-Severe Atopic Dermatitis in Adult Patients Within the Asia-Pacific Region: A Cross-
sectional Survey. Dermatol Ther (Heidelb). 2024;14(9):2479-93.

49. Al F, Vyas ], Finlay AY. Counting the Burden: Atopic Dermatitis and Health-related
Quality of Life. Acta Derm Venereol. 2020;100(12):adv00161.

50. Cella D HA, Jensen S, Butt Z, Nowinski CJ, Rothrock N, Lohr KN. Types of Patient-
Reported Outcomes Research Triangle Park (NC): RTI Press: Research Triangle Park (NC):
RTI Press; 2015 [Cited:15/9/2023]. Available from: https:/www.rti.org/rti-press-

publication/patient-reported-outcomes-performance-measurement/fulltext.pdf.
51.  EUROQOL. What is the difference between the EQ-5D descriptive system, the EQ
VAS and the EQ-5D index wvalues? https:/euroqol.org/:  https:/euroqol.org/;

[Cited:21/1/2024]. Available from: https:/eurogol.org/fag/what-is-the-difference-between-

the-eq-5d-51-descriptive-system-the-eg-vas-and-the-eq-5d-index -values/.

52. de Vries M, Ouwendijk R, Kessels AG, de Haan MW, Flobbe K, Hunink MGM, van

Engelshoven JMA, Nelemans PJ. Comparison of generic and disease-specific questionnaires
for the assessment of quality of life in patients with peripheral arterial disease. Journal of
Vascular Surgery. 2005;41(2):261-8.

53.  Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI)—a simple practical
measure for routine clinical use. Clinical and Experimental Dermatology. 1994;19(3):210-6.
54. Reed B, Blaiss MS. The burden of atopic dermatitis. Allergy Asthma Proc.
2018;39(6):406-10.

55. Lewis V, Finlay AY. 10 years experience of the Dermatology Life Quality Index
(DLQI). J Investig Dermatol Symp Proc. 2004;9(2):169-80.

56. Otsuka A, Wang C, Torisu-Itakura H, Matsuo T, Isaka Y, Anderson P, Piercy J, Austin
J, Marwaha S, Tanaka A. Patient and family burden in pediatric atopic dermatitis and its

treatment pattern in Japan. Int J Dermatol. 2024;63(11):e322-e34.

76


https://www.rti.org/rti-press-publication/patient-reported-outcomes-performance-measurement/fulltext.pdf
https://www.rti.org/rti-press-publication/patient-reported-outcomes-performance-measurement/fulltext.pdf
https://euroqol.org/
https://euroqol.org/
https://euroqol.org/faq/what-is-the-difference-between-the-eq-5d-5l-descriptive-system-the-eq-vas-and-the-eq-5d-index-values/
https://euroqol.org/faq/what-is-the-difference-between-the-eq-5d-5l-descriptive-system-the-eq-vas-and-the-eq-5d-index-values/

57. Yap JCH, Yew YW. Impact of Atopic Dermatitis® on Quality of Life of Caregivers:
A Systematic Review and Meta-Analysis. Dermatitis. 2024;35(6):554-95.

58. Stong C. Atopic Dermatitis Negatively Impacts Caregivers’ Quality of Life
Dermatology advisor: Dermatology advisor; 2024 [Cited:1/6/2024]. Available from:

https://www.dermatologyadvisor.com/news/atopic-dermatitis-negatively-impacts-

caregivers-quality-of-life/.

59. Adamson AS. The Economic Impact of Atopic Dermatitis. In: Feldman SR, Strowd
LC, Lovell KK, editors. Management of Atopic Dermatitis: Methods and Challenges. Cham:
Springer International Publishing; 2024. p. 91-104.

60. Drucker AM, Wang AR, Li W-Q, Sevetson E, Block JK, Qureshi AA. The Burden of
Atopic Dermatitis: Summary of a Report for the National Eczema Association. Journal of
Investigative Dermatology. 2017;137(1):26-30.

61. Augustin M, Misery L, von Kobyletzki L, Armario-Hita JC, Mealing S, Redding M.
Unveiling the true costs and societal impacts of moderate-to-severe atopic dermatitis in
Europe. Journal of the European Academy of Dermatology and Venereology. 2022;36:3-16.
62. Heinz KC, Beaudart C, Willems D, Wiethoff I, Hiligsmann M. Cost-effectiveness of
emerging treatments for Atopic dermatitis: a systematic review. PharmacoEconomics.
2023;41(11):1415-35.

63. Kanwar AJ. Adult-onset Atopic Dermatitis. Indian J Dermatol. 2016;61(6):662-3.
64. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. bmj. 2021;372.

65. DLQIto EQ-5D tool Broadstreet: Broadstreet; 2021 [Cited:23 Aug 2021]. Available
from: https://dlgi.broadstreetheor.com.

66. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,

Schiinemann HJ. GRADE: an emerging consensus on rating quality of evidence and strength
of recommendations. Bmj. 2008;336(7650):924-6.

67. Beikert FC, Langenbruch AK, Radtke MA, Kormek T, Purwins S, Augustin M.
Willingness to pay and quality of life in patients with atopic dermatitis. Archives of

Dermatological Research. 2014;306(3):279-86.

77


https://www.dermatologyadvisor.com/news/atopic-dermatitis-negatively-impacts-caregivers-quality-of-life/
https://www.dermatologyadvisor.com/news/atopic-dermatitis-negatively-impacts-caregivers-quality-of-life/
https://dlqi.broadstreetheor.com/

68. Ezzedine K, Shourick J, Merhand S, Sampogna F, Taieb C. Impact of Atopic
Dermatitis in Adolescents and their Parents: A French Study. Acta Dermato-Venereologica.
2020;100(17):1-7.

69. Janssen MF, Szende A, Cabases J, Ramos-Goiii JM, Vilagut G, Kénig HH. Population
norms for the EQ-5D-3L: a cross-country analysis of population surveys for 20 countries.
The European Journal of Health Economics. 2019;20(2):205-16.

70. Zrubka Z, Golicki D, Prevolnik-Rupel V, Baji P, Rencz F, Brodszky V, Gulacsi L,
Péntek M. Towards a Central-Eastern European EQ-5D-3L population norm: comparing data
from Hungarian, Polish and Slovenian population studies. The European Journal of Health
Economics. 2019;20:141-54.

71. ESPON. ESPON QoL — Quality of Life Measurements and Methodology 2021
[Cited:5/10/2024]. Awvailable from: https:/archive.espon.eu/programme/projects/espon-

2020/applied-research/quality-o f-life.

72. Wang X, Li LF, Zhao DY, Shen YW. Prevalence and Clinical Features of Atopic
Dermatitis in China. Biomed Res Int. 2016;2016:2568301.

73. NgMS, Tan S, Chan NH, Foong AY, Koh MIJ. Effect of atopic dermatitis on quality

of life and its psychosocial impact in Asian adolescents. Australas J Dermatol.
2018;59(2):el14-¢7.

74. Falissard B, Simpson EL, Guttman-Yassky E, Papp KA, Barbarot S, Gadkari A, Saba
G, Gautier L, Abbe A, Eckert L. Qualitative Assessment of Adult Patients' Perception of
Atopic Dermatitis Using Natural Language Processing Analysis in a Cross-Sectional Study.
Dermatol Ther (Heidelb). 2020;10(2):297-305.

75. Chee A, Branca L, Jeker F, Vogt DR, Schwegler S, Navarini A, Itin P, Mueller SM.
When life is an itch: What harms, helps, and heals from the patients' perspective? Differences
and similarities among skin diseases. Dermatol Ther. 2020;33(4):e13606.

76. Augustin M, Langenbruch A, Blome C, Gutknecht M, Werfel T, Stinder S, Steinke
S, Kirsten N, Silva N, Sommer R. Characterizing treatment-related patient needs in atopic

eczema: insights for personalized goal orientation. J Eur Acad Dermatol Venereol.
2020;34(1):142-52.

78


https://archive.espon.eu/programme/projects/espon-2020/applied-research/quality-of-life
https://archive.espon.eu/programme/projects/espon-2020/applied-research/quality-of-life

77. Ameen M, Rabe A, Blanthorn-Hazell S, Millward R. PSY 17 The Prevalence and
Clinical Profile of Atopic Dermatitis (AD) in England: A Population Based Linked Cohort
Study Using Clinical Practice Research Datalink (CPRD) and Hospital Episode Statistics
(HES). Value in Health. 2020;23:S745.

78. Yosipovitch G, Reaney M, Mastey V, Eckert L, Abbé A, Nelson L, Clark M, Williams
N, Chen Z, Ardeleanu M, Akinlade B, Graham NMH, Pirozzi G, Staudinger H, Plaum S,
Radin A, Gadkari A. Peak Pruritus Numerical Rating Scale: psychometric validation and
responder definition for assessing itch in moderate-to-severe atopic dermatitis. Br J
Dermatol. 2019;181(4):761-9.

79. Mizara A, Papadopoulos L, McBride SR. Core beliefs and psychological distress in
patients with psoriasis and atopic eczema attending secondary care: the role of schemas in
chronic skin disease. British Journal of Dermatology. 2012;166(5):986-93.

80.  Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta psychiatrica
scandinavica. 1983;67(6):361-70.

81. Maass SWMC, Roorda C, Berendsen AJ, Verhaak PFM, de Bock GH. The prevalence
of long-term symptoms of depression and anxiety after breast cancer treatment: A systematic
review. Maturitas. 2015;82(1):100-8.

82. Girolomoni G, Luger T, Nosbaum A, Gruben D, Romero W, Llamado LJ,
DiBonaventura M. The Economic and Psychosocial Comorbidity Burden Among Adults with
Moderate-to-Severe Atopic Dermatitis in Europe: Analysis of a Cross-Sectional Survey.
Dermatol Ther (Heidelb). 2021;11(1):117-30.

83. Eckert L, Gupta S, Gadkari A, Mahajan P, Gelfand JM. Burden of illness in adults
with atopic dermatitis: Analysis of National Health and Wellness Survey data from France,
Germany, Italy, Spain, and the United Kingdom. J Am Acad Dermatol. 2019;81(1):187-95.
84. Mahmoud O, Yosipovitch G, Attia E. Burden of disease and unmet needs in the
diagnosis and management of atopic dermatitis in the arabic population of the Middle East.
Journal of clinical medicine. 2023;12(14):4675.

85. Ferrari AJ, Santomauro DF, Aali A, Abate YH, Abbafati C, Abbastabar H, Abd
ElHafeez S, Abdelmasseh M, Abd-Elsalam S, Abdollahi A, Abdullahi A, Abegaz KH,
Abeldano Zuniga RA, Aboagye RG, Abolhassani H, Abreu LG, Abualruz H, Abu-Gharbieh

79



E, Abu-Rmeileh NME, Ackerman IN, Addo IY, Addolorato G, Adebiyi AO, Adepoju AV,
Adewuyi HO, Afyouni S, Afzal S, Afzal S, Agodi A, Ahmad A, Ahmad D, Ahmad F, Ahmad
S, Ahmed A, Ahmed LA, Ahmed MB, Ajami M, Akinosoglou K, Akkaif MA, Al Hasan SM,
Alalalmeh SO, Al-Aly Z, Albashtawy M, Aldridge RW, Alemu MD, Alemu YM, Alene KA,
Al-Gheethi AAS, Alharrasi M, Alhassan RK, Ali MU, Ali R, Ali SSS, Alif SM, Aljunid SM,
Al-Marwani S, Almazan JU, Alomari MA, Al-Omari B, Altaany Z, Alvis-Guzman N, Alvis-
Zakzuk NJ, Alwafi H, Al-Wardat MS, Al-Worafi YM, Aly S, Alzoubi KH, Amare AT,
Amegbor PM, Ameyaw EK, Amin TT, Amindarolzarbi A, Amiri S, Amugsi DA, Ancuceanu
R, Anderlini D, Anderson DB, Andrade PP, Andrei CL, Ansari H, Antony CM, Anwar S,
Anwar SL, Anwer R, Anyanwu PE, Arab JP, Arabloo J, Arafat M, Araki DT, Aravkin AY,
Arkew M, Armocida B, Arndt MB, Arooj M, Artamonov AA, Aruleba RT, Arumugam A,
Ashbaugh C, Ashemo MY, Ashraf M, Asika MO, Askari E, Astell-Burt T, Athari SS, Atorkey
P, Atout MMdW, Atreya A, Aujayeb A, Ausloos M, Avan A, Awotidebe AW, Awuviry-
Newton K, Ayala Quintanilla BP, Ayuso-Mateos JL, Azadnajafabad S, Azevedo RMS, Babu
AS, Badar M, Badiye AD, Baghdadi S, Bagheri N, Bah S, Bai R, Baker JL, Bakkannavar
SM, Bako AT, Balakrishnan S, Bam K, Banik PC, Barchitta M, Bardhan M, Bardideh E,
Barker-Collo SL, Barqawi HJ, Barrow A, Barteit S, Barua L, Bashiri Aliabadi S, Basiru A,
Basu S, Basu S, Bathini PP, Batra K, Baune BT, Bayileyegn NS, Behnam B, Behnoush AH,
Beiranvand M, Bejarano Ramirez DF, Bell ML, Bello OO, Beloukas A, Bensenor 1M,
Berezvai Z, Bernabe E, Bernstein RS, Bettencourt PJG, Bhagavathula AS, Bhala N, Bhandari
D, Bhargava A, Bhaskar S, Bhat V, Bhatti GK, Bhatti JS, Bhatti MS, Bhatti R, Bhutta ZA,
Bikbov B, Bishai JD, Bisignano C, Bitra VR, Bjerge T, Bodolica V, Bodunrin AO, Bogale
EK, Bonakdar Hashemi M, Bonny A, Bora Basara B, Borhany H, Boxe C, Brady OJ,
Bragazzi NL, Braithwaite D, Brant LC, Brauer M, Breitner S, Brenner H, Brown J, Brugha
T, Bulamu NB, Buonsenso D, Burkart K, Burns RA, Busse R, Bustanji Y, Butt ZA, Byun J,
Caetano dos Santos FL, Calina D, Camera LA, Campos-Nonato IR, Cao C, Capodici A, Carr
S, Carreras G, Carugno A, Carvalho M, Castaldelli-Maia JM, Castafieda-Orjuela CA,
Castelpietra G, Catapano AL, Cattaruzza MS, Caye A, Cegolon L, Cembranel F,
Cenderadewi M, Cerin E, Chakraborty PA, Chan JSK, Chan RNC, Chandika RM,
Chandrasekar EK, Charalampous P, Chattu VK, Chatzimavridou-Grigoriadou V, Chen AW,

80



Chen A-T, Chen CS, Chen H, Chen NM, Cheng ETW, Chimed-Ochir O, Chimoriya R, Ching
PR, Cho WCS, Choi S, Chong B, Chong Y'Y, Choudhari SG, Chowdhury R, Christensen
SWM, Chu D-T, Chukwu IS, Chung E, Chung E, Chutiyami M, Claassens MM, Cogen RM,
Columbus A, Conde J, Cortesi PA, Cousin E, Criqui MH, Cruz-Martins N, Dadras O, Dai S,
Dai X, Dai Z, Dalaba MA, Damiani G, Das JK, Das S, Dashti M, Davila-Cervantes CA,
Davletov K, De Leo D, Debele AT, Debopadhaya S, DeCleene NK, Deeba F, Degenhardt L,
Del Bo C, Delgado-Enciso I, Demetriades AK, Denova-Gutiérrez E, Dervenis N, Desai HD,
Desai R, Deuba K, Dhama K, Dharmaratne SD, Dhingra S, Dias da Silva D, Diaz D, Diaz
LA, Diaz MJ, Dima A, Ding DD, Dirac MA, Do THP, do Prado CB, Dohare S, Dominguez
R-MV, Dong W, Dongarwar D, D'Oria M, Dorsey ER, Doshmangir L, Dowou RK, Driscoll
TR, Dsouza HL, Dsouza V, Dube J, Dumith SC, Duncan BB, Duraes AR, Duraisamy S,
Durojaiye OC, Dzianach PA, Dziedzic AM, Eboreime E, Ebrahimi A, Edinur HA,
Edvardsson D, Eikemo TA, Eini E, Ekholuenetale M, Ekundayo TC, El Sayed I, El Tantawi
M, Elbarazi I, Elemam NM, ElGohary GMT, Elhadi M, Elmeligy OAA, Elnahas G, Elshaer
M, Elsohaby I, Engelbert Bain L, Erkhembayar R, Eshrati B, Estep K, Fabin N, Fagbamigbe
AF, Falzone L, Fareed M, Farinha CSeS, Faris MEM, Faro A, Farrokhi P, Fatehizadeh A,
Fauk NK, Feigin VL, Feng X, Fereshtehnejad S-M, Feroze AH, Ferreira N, Ferreira PH,
Fischer F, Flavel J, Flood D, Flor LS, Foigt NA, Folayan MO, Force LM, Fortuna D, Foschi
M, Franklin RC, Freitas A, Fukumoto T, Furtado JM, Gaal PA, Gadanya MA, Gaidhane AM,
Gaihre S, Galali Y, Ganbat M, Gandhi AP, Ganesan B, Ganie MA, Ganiyani MA, Gardner
WM, Gebi TG, Gebregergis MW, Gebrehiwot M, Gebremariam TBB, Gebremeskel TG, Gela
YY, Georgescu SR, Getachew Obsa A, Gething PW, Getie M, Ghadiri K, Ghadirian F,
Ghailan KY, Ghajar A, Ghasemi M, Ghasempour Dabaghi G, Ghasemzadeh A, Ghazy RM,
Gholamrezanezhad A, Ghorbani M, Ghotbi E, Gibson RM, Gill TK, Ginindza TG, Girmay
A, Glasbey JC, Gobolos L, Godinho MA, Goharinezhad S, Goldust M, Golechha M, Goleij
P, Gona PN, Gorini G, Goulart AC, Grada A, Grivna M, Guan S-Y, Guarducci G, Gubari
MIM, Gudeta MD, Guha A, Guicciardi S, Gulati S, Gulisashvili D, Gunawardane DA, Guo
C, Gupta AK, Gupta B, Gupta I, Gupta M, Gupta R, Gupta VB, Gupta VK, Gupta VK,
Gutiérrez RA, Habibzadeh F, Habibzadeh P, Haddadi R, Hadi NR, Haep N, Hafezi-Nejad N,
Hafiz A, Hagins H, Halboub ES, Halimi A, Haller S, Halwani R, Hamilton EB, Hankey GJ,

81



Hannan MA, Haque MN, Harapan H, Haro JM, Hartvigsen J, Hasaballah AI, Hasan I,
Hasanian M, Hasnain MS, Hassan A, Haubold J, Havmoeller RJ, Hay SI, Hayat K, Hebert
JJ, Hegazi OE, Heidari G, Helfer B, Hemmati M, Hendrie D, Henson CA, Hezam K, Hiraike
Y, Hoan NQ, Holla R, Hon J, Hossain MM, Hosseinzadeh H, Hosseinzadeh M, Hostiuc M,
Hostiuc S, Hsu JM, Huang J, Hugo FN, Hushmandi K, Hussain J, Hussein NR, Huynh CK,
Huynh H-H, Hwang B-F, lannucci VC, Ihler AL, Ikiroma Al, Ikuta KS, Ilesanmi OS, Ilic IM,
Ilic MD, Imam MT, Immurana M, Irham LM, Islam MR, Islam SMS, Islami F, Ismail F,
Ismail NE, Isola G, Iwagami M, Iwu CCD, lyer M, Jaafari J, Jacobsen KH, Jadidi-Niaragh
F, Jafarinia M, Jaggi K, Jahankhani K, Jahanmehr N, Jahrami H, Jain A, Jain N, Jairoun AA,
Jaiswal A, Jakovljevic M, Jatau Al, Javadov S, Javaheri T, Jayapal SK, Jayaram S, Jee SH,
Jeganathan J, Jeyakumar A, Jha AK, Jiang H, Jin Y, Jonas JB, Joo T, Joseph A, Joseph N,
Joshua CE, Jozwiak JJ, Jiirisson M, K V, Kaambwa B, Kabir A, Kabir Z, Kadashetti V, Kalani
R, Kalankesh LR, Kaliyadan F, Kalra S, Kamenov K, Kamyari N, Kanagasabai T, Kandel H,
Kanmanthareddy AR, Kanmodi KK, Kantar RS, Karaye IM, Karim A, Karimi SE, Karimi Y,
Kasraei H, Kassel MB, Kauppila JH, Kawakami N, Kayode GA, Kazemi F, Kazemian S,
Keikavoosi-Arani L, Keller C, Kempen JH, Kerr JA, Keshtkar K, Kesse-Guyot E, Keykhaei
M, Khajuria H, Khalaji A, Khalid A, Khalid N, Khalilian A, Khamesipour F, Khan A, Khan
I, Khan M, Khan MAB, Khanmohammadi S, Khatab K, Khatami F, Khatatbeh MM, Khater
AM, Khayat Kashani HR, Khidri FF, Khodadoust E, Khormali M, Khorrami Z, Kifle ZD,
Kim MS, Kimokoti RW, Kisa A, Kisa S, Knudsen AKS, Kocarnik JM, Kochhar S, Koh HY,
Kolahi A-A, Kompani F, Koren G, Korzh O, Kosen S, Koulmane Laxminarayana SL,
Krishan K, Krishna V, Krishnamoorthy V, Kuate Defo B, Kuddus MA, Kuddus M, Kuitunen
I, Kulkarni V, Kumar M, Kumar N, Kumar R, Kurmi OP, Kusuma D, Kyu HH, La Vecchia
C, Lacey B, Ladan MA, Laflamme L, Lafranconi A, Lahariya C, Lai DTC, Lal DK, Lalloo
R, Lallukka T, Lam J, Lan Q, Lan T, Landires I, Lanfranchi F, Langguth B, Laplante-
Lévesque A, Larijani B, Larsson AO, Lasrado S, Lauriola P, Le H-H, Le LKD, Le NHH, Le
TDT, Leasher JL, Ledda C, Lee M, Lee PH, Lee S-w, Lee SW, Lee W-C, Lee YH, LeGrand
KE, Lenzi J, Leong E, Leung J, Li M-C, Li W, Li X, LiY, LiY, Lim L-L, Lim SS, Lindstrom
M, Linn S, Liu G, Liu R, Liu S, Liu W, Liu X, Liu X, Llanaj E, Lo C-H, Lopez-Bueno R,
Loreche AM, Lorenzovici L, Lozano R, Lubinda J, Lucchetti G, Lunevicius R, Lusk JB, v

82



h, Ma ZF, Machairas N, Madureira-Carvalho AM, Magafia Goémez JA, Maghazachi AA,
Maharjan P, Mahasha PW, Maheri M, Mahjoub S, Mahmoud MA, Mahmoudi E, Majeed A,
Makris KC, Malakan Rad E, Malhotra K, Malik AA, Malik I, Malta DC, Manla Y, Mansour
A, Mansouri P, Mansournia MA, Mantilla Herrera AM, Mantovani LG, Manu E, Marateb
HR, Mardi P, Martinez G, Martinez-Piedra R, Martini D, Martins-Melo FR, Martorell M,
Marx W, Maryam S, Marzo RR, Mathangasinghe Y, Mathieson S, Mathioudakis AG,
Mattumpuram J, Maugeri A, Mayeli M, Mazidi M, Mazzotti A, McGrath JJ, McKee M,
McKowen ALW, McPhail MA, Mehrabani-Zeinabad K, Mehrabi Nasab E, Mekene Meto T,
Mendoza W, Menezes RG, Mensah GA, Mentis A-FA, Meo SA, Meresa HA, Meretoja A,
Meretoja TJ, Mersha AM, Mestrovic T, Mettananda KCD, Mettananda S, Michalek IM,
Miller PA, Miller TR, Mills EJ, Minh LHN, Mirijello A, Mirrakhimov EM, Mirutse MK,
Mirza-Aghazadeh-Attari M, Mirzaei M, Mirzaei R, Misganaw A, Mishra AK, Mitchell PB,
Mittal C, Moazen B, Moberg ME, Mohamed J, Mohamed MFH, Mohamed NS, Mohammadi
E, Mohammadi S, Mohammed H, Mohammed S, Mohammed S, Mohr RM, Mokdad AH,
Molinaro S, Momtazmanesh S, Monasta L, Mondello S, Moodi Ghalibaf A, Moradi M,
Moradi Y, Moradi-Lakeh M, Moraga P, Morawska L, Moreira RS, Morovatdar N, Morrison
SD, Morze J, Mosapour A, Mosser JF, Mossialos E, Motappa R, Mougin V, Mouodi S,
Mrejen M, Msherghi A, Mubarik S, Mueller UO, Mulita F, Munjal K, Murillo-Zamora E,
Murlimanju BV, Mustafa G, Muthu S, Muzaffar M, Myung W, Nagarajan AJ, Naghavi P,
Naik GR, Nainu F, Nair S, Najmuldeen HHR, Nangia V, Naqvi AA, Narayana Al, Nargus S,
Nascimento GG, Nashwan AJ, Nasrollahizadeh A, Nasrollahizadeh A, Natto ZS, Nayak BP,
Nayak VC, Nduaguba SO, Negash H, Negoi I, Negoi RI, Nejadghaderi SA, Nesbit OD,
Netsere HB, Ng M, Nguefack-Tsague G, Ngunjiri JW, Nguyen DH, Nguyen HQ, Niazi RK,
Nikolouzakis TK, Nikoobar A, Nikoomanesh F, Nikpoor AR, Nnaji CA, Nnyanzi LA,
Noman EA, Nomura S, Norrving B, Nri-Ezedi CA, Ntaios G, Ntsekhe M, Nurrika D,
Nzoputam CI, Nzoputam OJ, Oancea B, Odetokun IA, O'Donnell MJ, Oguntade AS, Oguta
JO, Okati-Aliabad H, Okeke SR, Okekunle AP, Okonji OC, Olagunju AT, Olasupo OO,
Olatubi M1, Oliveira GMM, Olufadewa II, Olusanya BO, Olusanya JO, Omar HA, Omer GL,
Omonisi AEE, Onie S, Onwujekwe OE, Ordak M, Orish VN, Ortega-Altamirano DV, Ortiz
A, Ortiz-Brizuela E, Osman WMS, Ostroff SM, Osuagwu UL, Otoiu A, Otstavnov N,

83



Otstavnov SS, Ouyahia A, Ouyang G, Owolabi MO, P A MP, Padron-Monedero A, Padubidri
JR, Palicz T, Palladino C, Pan F, Pandi-Perumal SR, Pangaribuan HU, Panos GD, Panos LD,
Pantea Stoian AM, Pardhan S, Parikh RR, Pashaei A, Pasovic M, Passera R, Patel J, Patel
SK, Patil S, Patoulias D, Patthipati VS, Pawar S, Pazoki Toroudi H, Pease SA, Peden AE,
Pedersini P, Peng M, Pensato U, Pepito VCF, Peprah EK, Peprah P, Perdigdo J, Pereira MO,
Perianayagam A, Perico N, Pesudovs K, Petermann-Rocha FE, Petri WA, Pham HT, Philip
AK, Phillips MR, Pigeolet M, Pigott DM, Pillay JD, Piracha ZZ, Pirouzpanah S, Plass D,
Plotnikov E, Poddighe D, Polinder S, Postma MJ, Pourtaheri N, Prada SI, Pradhan PMS,
Prakash V, Prasad M, Prates EJS, Priscilla T, Pritchett N, Puri P, Puvvula J, Qasim NH, Qattea
I, Qazi AS, Qian G, Rabiee Rad M, Radhakrishnan RA, Radhakrishnan V, Raeisi Shahraki
H, Rafferty Q, Raggi A, Raghav PR, Rahim MJ, Rahman MM, Rahman MHU, Rahman M,
Rahman MA, Rahmani S, Rahmanian M, Rahmawaty S, Rajaa S, Ramadan MM, Ramasamy
SK, Ramasubramani P, Ramazanu S, Rana K, Ranabhat CL, Rancic N, Rane A, Rao CR, Rao
K, Rao M, Rao SJ, Rashidi M-M, Rathnaiah Babu G, Rauniyar SK, Rawaf DL, Rawaf S,
Razo C, Reddy MMRK, Redwan EMM, Reifels L, Reiner Jr RC, Remuzzi G, Renzaho AMN,
Reshmi B, Reyes LF, Rezaei N, Rezaei N, Rezaei N, Rezaei Hachesu P, Rezaeian M, Rickard
J, Rodrigues CF, Rodriguez JAB, Roever L, Ronfani L, Roshandel G, Rotimi K, Rout HS,
Roy B, Roy N, Roy P, Rubagotti E, SN C, Saad AMA, Saber-Ayad MM, Sabour S, Sacco S,
Sachdev PS, Saddik B, Saddler A, Sadee BA, Sadeghi E, Sadeghi M, Saeb MR, Saeed U,
Safi SZ, Sagar R, Sagoe D, Saif Z, Sajid MR, Sakshaug JW, Salam N, Salami AA, Salaroli
LB, Saleh MA, Salem MR, Salem MZY, Sallam M, Samadzadeh S, Samargandy S, Samodra
YL, Samy AM, Sanabria J, Sanna F, Santos IS, Santric-Milicevic MM, Sarasmita MA,
Sarikhani Y, Sarmiento-Suarez R, Sarode GS, Sarode SC, Sarveazad A, Sathian B,
Sathyanarayan A, Satpathy M, Sawhney M, Scarmeas N, Schaarschmidt BM, Schmidt MI,
Schneider 1JC, Schumacher AE, Schwebel DC, Schwendicke F, Sedighi M, Senapati S,
Senthilkumaran S, Sepanlou SG, Sethi Y, Setoguchi S, Seylani A, Shadid J, Shafie M, Shah
H, Shah NS, Shah PA, Shahbandi A, Shahid S, Shahid W, Shahwan MJ, Shaikh MA, Shakeri
A, Shalash AS, Sham S, Shamim MA, Shamshirgaran MA, Shamsi MA, Shanawaz M,
Shankar A, Shannawaz M, Sharath M, Sharifan A, Sharifi-Rad J, Sharma M, Sharma R,
Sharma S, Sharma U, Sharma V, Shastry RP, Shavandi A, Shayan AM, Shayan M,

84



Shehabeldine AME, Shetty PH, Shibuya K, Shifa JE, Shiferaw D, Shiferaw WS, Shigematsu
M, Shiri R, Shitaye NA, Shittu A, Shivakumar KM, Shivarov V, Shokati Eshkiki Z, Shool S,
Shrestha S, Shuval K, Sibhat MM, Siddig EE, Sigfusdottir ID, Silva DAS, Silva JP, Silva
LMLR, Silva S, Simpson CR, Singal A, Singh A, Singh BB, Singh H, Singh JA, Singh M,
Singh P, Skou ST, Sleet DA, Slepak ELN, Solanki R, Soliman SSM, Song S, Song Y,
Sorensen RJD, Soriano JB, Soyiri IN, Spartalis M, Sreeramareddy CT, Stark BA,
Starodubova AV, Stein C, Stein DJ, Steiner C, Steiner TJ, Steinmetz JD, Steiropoulos P,
Stockfelt L, Stokes MA, Subedi NS, Subramaniyan V, Suemoto CK, Suleman M,
Suliankatchi Abdulkader R, Sultana A, Sundstrom J, Swain CK, Szarpak L, Tabaee
Damavandi P, Tabarés-Seisdedos R, Tabatabaei Malazy O, Tabatabacizadeh S-A, Tabatabai
S, Tabche C, Tabish M, Tadakamadla SK, Taheri Abkenar Y, Taheri Soodejani M, Taherkhani
A, Taiba J, Talaat IM, Talukder A, Tampa M, Tamuzi JL, Tan K-K, Tandukar S, Tang H,
Tavakoli Oliaee R, Tavangar SM, Teimoori M, Temsah M-H, Teramoto M, Thangaraju P,
Thankappan KR, Thapar R, Thayakaran R, Thirunavukkarasu S, Thomas N, Thomas NK,
Thum CCC, Tichopad A, Ticoalu JHV, Tillawi T, Tiruye TY, Tobe-Gai R, Tonelli M, Topor-
Madry R, Torre AE, Touvier M, Tovani-Palone MR, Tran JT, Tran MTN, Tran NM, Tran N-
H, Trico D, Tromans SJ, Truyen TTTT, Tsatsakis A, Tsegay GM, Tsermpini EE, Tumurkhuu
M, Tyrovolas S, Udoh A, Umair M, Umakanthan S, Umar TP, Undurraga EA, Unim B,
Unnikrishnan B, Unsworth CA, Upadhyay E, Urso D, Usman JS, Vahabi SM, Vaithinathan
AG, Van den Eynde J, Varga O, Varma RP, Vart P, Vasankari TJ, Vasic M, Vaziri S, Vellingiri
B, Venketasubramanian N, Veroux M, Verras G-I, Vervoort D, Villafaiie JH, Violante FS,
Vlassov V, Vollset SE, Volovat SR, Vongpradith A, Waheed Y, Wang C, Wang F, Wang N,
Wang S, Wang Y, Wang Y-P, Ward P, Wassie EG, Weaver MR, Weerakoon KG, Weintraub
RG, Weiss DJ, Weldemariam AH, Wells KM, Wen YF, Whisnant JL, Whiteford HA,
Wiangkham T, Wickramasinghe DP, Wickramasinghe ND, Wilandika A, Wilkerson C,
Willeit P, Wimo A, Woldegebreal DH, Wolf AW, Wong YJ, Woolf AD, Wu C, Wu F, Wu X,
Wu Z, Wulf Hanson S, Xia Y, Xiao H, Xu X, XuYY, Yadav L, Yadollahpour A, Yaghoubi S,
Yamagishi K, Yang L, Yano Y, Yao Y, Yaribeygi H, Yazdanpanah MH, Ye P, Yehualashet SS,
Yesuf SA, Yezli S, Yigit A, Yigit V, Yigzaw ZA, Yismaw Y, Yon DK, Yonemoto N, Younis
MZ, Yu C, Yu Y, Yusuf H, Zahid MH, Zakham F, Zaki L, Zaki N, Zaman BA, Zamora N,

85



Zand R, Zandieh GGZ, Zar HJ, Zarrintan A, Zastrozhin MS, Zhang H, Zhang N, Zhang Y,
Zhao H, Zhong C, Zhong P, Zhou J, Zhu Z, Ziafati M, Zielinska M, Zimsen SRM, Zoladl M,
Zumla A, Zyoud SH, Vos T, Murray CJL. Global incidence, prevalence, years lived with
disability (YLDs), disability-adjusted life-years (DALYs), and healthy life expectancy
(HALE) for 371 diseases and injuries in 204 countries and territories and 811 subnational
locations, 1990&#x2013;2021: a systematic analysis for the Global Burden of Disease Study
2021. The Lancet. 2024;403(10440):2133-61.

86. WorldBank. World Development Indicatos 2024 [Cited:7/12/2024]. Available from:
https://databank.worldbank.org/indicator/NY.GDP.PCAP.CD/1ff4a498/Popular-Indicators.
87.  Neira M, Erguler K, Ahmady-Birgani H, Al-Hmoud ND, Fears R, Gogos C,
Hobbhahn N, Koliou M, Kostrikis LG, Lelieveld J, Majeed A, Paz S, Rudich Y, Saad-Hussein

A, Shaheen M, Tobias A, Christophides G. Climate change and human health in the Eastern
Mediterranean and Middle East: Literature review, research priorities and policy suggestions.
Environ Res. 2023;216(Pt 2):114537.

88. Study.com. Cultural Patterns of Africa & the Middle East 2024 [Cited:7/12/2024].

Available from: https:/study.com/academy/lesson/major-climates-in-africa-the-middle-

east.html.
89.  Numbeo. Rankings by Country of Average Monthly Net Salary (After Tax) (Salaries
And Financing) 2021 [Cited:7/12/2024]. Available from: https://www.numbeo.com/cost-of-

living/country price rankings?itemlId=105.

90. Shin YH, Hwang J, Kwon R, Lee SW, Kim MS, Collaborators GAD, Shin YH,

Hwang J, Kwon R, Lee SW. Global, regional, and national burden of allergic disorders and

their risk factors in 204 countries and territories, from 1990 to 2019: A systematic analysis
for the Global Burden of Disease Study 2019. Allergy. 2023;78(8):2232-54.

86


https://databank.worldbank.org/indicator/NY.GDP.PCAP.CD/1ff4a498/Popular-Indicators
https://study.com/academy/lesson/major-climates-in-africa-the-middle-east.html
https://study.com/academy/lesson/major-climates-in-africa-the-middle-east.html
https://www.numbeo.com/cost-of-living/country_price_rankings?itemId=105
https://www.numbeo.com/cost-of-living/country_price_rankings?itemId=105

9.

9.1.

Bibliography of the candidate's publications

Bibliography related to the thesis

Fasseeh AN, Elezbawy B, Korra N, Tannira M, Dalle H, Aderian S, Abaza S, Kalo
Z. Burden of atopic dermatitis in adults and adolescents: a systematic literature
review. Dermatology and therapy. 2022;12(12):2653-68.
https://doi.org/10.1007/s13555-022-00819-6

Elezbawy B, Fasseeh AN, Fouly E, Tannira M, Dalle H, Aderian S, Abu Esba LC, Al
Abdulkarim H, Ammoury A, Altawil E, Al Turaiki A. Humanistic and economic

burden of atopic dermatitis for adults and adolescents in the Middle East and Africa
region. Dermatology and Therapy. 2023;13(1):131-46.
https://doi.org/10.1007/s13555-022-00857-0

Elezbawy B, Fasseeh AN, Fouly E, Esba LC, Al Abdulkarim H, Al-Haddab M, Al-
Sheikh A, Altawil E, Al Turaiki A, Eshmawi M, Hamadah I. The humanistic and

economic burden of atopic dermatitis among adults and adolescents in Saudi Arabia.
Journal of Medical Economics. 2022;25(1):1231-9.
https://doi.org/10.1080/13696998.2022.2152234

Elezbawy B, Farghaly M, Al Lafi A, Gamal M, Metni M, Visser W, Al-Abdulkarim
H, Hedibel M, Fasseeh AN, Abaza S, Kal6 Z. Strategic Approaches to Reducing the
Burden of Atopic Dermatitis in the Middle East and Africa Region. Value in Health
Regional Issues. 2024;42:100987. https://doi.org/10.1016/j.vhri.2024.100987
Elezbawy B, Kal6 Z, Fasseeh A, Inotai A, Nemeth B, Agh T. The hidden burden of

atopic dermatitis in central and Eastern European Countries. Expert Review of

Pharmacoeconomics & Outcomes Research. 2024.
https://doi.org/10.1080/14737167.2024.2416249

87


https://doi.org/10.1007/s13555-022-00819-6
https://doi.org/10.1007/s13555-022-00857-0
https://doi.org/10.1080/13696998.2022.2152234
https://doi.org/10.1016/j.vhri.2024.100987
https://doi.org/10.1080/14737167.2024.2416249

9.2.

Bibliography not related to the thesis

Elshahawy R, Elezbawy B, Ashmawy R, Elshahawy R, Mahmoud YS, Korra N,
Abaza S, Alnajjar A, Al-Abdulkarim HA, AI-Omar HA, Fahmy S. Global Economic
Burden of Spinal Muscular Atrophy: A Systematic Literature Review. Cureus. 2025;
17(3):€81023. https://doi.org/10.7759/cureus.8§1023

Hren R, Abaza N, Elezbawy B, Khalifa A, Fasseeh AN, Al Gasseer N, Kal6 Z.

Economic Benefits of Reduced Waiting Times for Elective Surgeries: A Systematic
Literature Review. Cureus. 2025;17 2): e79417.
https://doi.org/10.7759/cureus.79417

Fasseeh AN, Almomani E, Elezbawy B, Ahmed Y, El-Fass K, Alsharu E, Kal6 Z. A

Financial Benefit-Cost Analysis of Advancing Jordan's Medical Tourism: The Case
of Proton Therapy. Cureus. 2025;17(1):e77119.
https://doi.org/doi:10.7759/cureus.77119

Fasseeh AN, Korra N, Elezbawy B, Sedrak AS, Gamal M, Eldessouki R, Eldebeiky

M, George M, Seyam A, Abourawash A, Khalifa AY. Framework for developing cost-
effectiveness analysis threshold: the case of Egypt. Journal of the Egyptian Public
Health Association. 2024; 99(1):12. https://doi.org/10.1186/s42506-024-00159-7

Alnagbi KA, Elezbawy B, Fasseeh AN, Bangash AR, Elshamy A, Shendi H, Aftab
MI, AlMarshoodi M, Gebran N, AlDhaheri N, Fahmy SA. Development of the

Emirates Multi-Criteria Decision Analysis Tool for Orphan Drugs. Cureus.
2024;16(2): €55215. https://doi.org/10.7759/cureus.55215

Fasseeh AN, Elezbawy B, El-Fass KA, Gamal M, Seyam A, Hayek N, Abdel Rahman
N, Abdelhamid S, Fasseeh N, Saad AS, Elagamy A. Maximizing the benefits of using

biosimilars in Egypt. Journal of Pharmaceutical Policy and Practice.
2023;16(1):79. https://doi.org/10.1186/s40545-023-00581-w

Fasseeh AN, Elezbawy B, Gamal M, Seyam A, Abourawash A, George M, Anwar M,
Amin M, Khalifa AY, Elshalakani A, Hatem A. A roadmap toward implementing

health technology assessment in Egypt. Frontiers in Public Health. 2022;10:896175.
https://doi.ore/10.3389/fpubh.2022.896175

88


https://doi.org/10.7759/cureus.81023
https://doi.org/10.7759/cureus.79417
https://doi.org/doi:10.7759/cureus.77119
https://doi.org/10.1186/s42506-024-00159-7
https://doi.org/10.7759/cureus.55215
https://doi.org/10.1186/s40545-023-00581-w
https://doi.org/10.3389/fpubh.2022.896175

Elezbawy B, Fasseeh AN, Németh B, Gamal M, Eldebeiky M, Refaat R, Taha A,
Rabiea S, Abdallah M, Ramadan S, Noaman H. A multicriteria decision analysis
(MCDA) tool to purchase implantable medical devices in Egypt. BMC Medical
Informatics and Decision Making. 2022;22(1):289. https://doi.org/10.1186/s12911 -

022-02025-y
Elezbawy B, Fasseeh AN, Sedrak A, Eldessouki R, Gamal M, Eldebeiky M, Amer H,
Akeel S, Morsy A, Amin A, Shafik A. A multi-criteria decision analysis (MCDA) tool
for purchasing off-patent oncology medicines in Egypt. Journal of Pharmaceutical
Policy and Practice. 2022;15(1):10.

o https://doi.org/10.1186/s40545-022-00414-2

Fasseeh A, ElEzbawy B, Adly W, ElIShahawy R, George M, Abaza S, ElShalakani A,
Kal6é Z. Healthcare financing in Egypt: a systematic literature review. Journal of the
Egyptian Public Health Association. 2022;97(1):1. https:/doi.org/10.1186/s42506-
021-00089-8

Aboulghate M, Elaghoury A, Elebrashy I, Elkafrawy N, Elshishiney G, Abul-Magd
E, Bassiouny E, Toaima D, Elezbawy B, Fasseeh A, Abaza S. The burden of obesity
in Egypt. Frontiers in public health. 2021 Aug 27;9:718978.

o https://doi.org/10.3389/fpubh.2021.718978

Zelei T, Mendola ND, Elezbawy B, Németh B, Campbell JD. Criteria and scoring
functions used in multi-criteria decision analysis and value frameworks for the
assessment of rare disease therapies: a systematic literature review.
PharmacoEconomics-open. 2021;5(4):605-12. https://doi.org/10.1007/s41669-021 -
00271-w

Jakab I, Németh B, Elezbawy B, Karaday1 MA, Tozan H, Aydin S, Shen J, Kalo Z.

Potential criteria for frameworks to support the evaluation of innovative medicines in
upper middle-income countries—a systematic literature review on value frameworks
and multi-criteria  decision analyses. Frontiers in pharmacology. 2020;
11:1203.https://doi.org/10.3389/fphar.2020.01203

Almasi T, Abul-Magd E, George M, Amaiz F, Elezbawy B, Nagy B. Supporting role

of nongovernmental health insurance schemes in the implementation of universal

89


https://doi.org/10.1186/s12911-022-02025-y
https://doi.org/10.1186/s12911-022-02025-y
https://doi.org/10.1186/s40545-022-00414-2
https://doi.org/10.1186/s42506-021-00089-8
https://doi.org/10.1186/s42506-021-00089-8
https://doi.org/10.3389/fpubh.2021.718978
https://doi.org/10.1007/s41669-021-00271-w
https://doi.org/10.1007/s41669-021-00271-w
https://doi.org/10.3389/fphar.2020.01203

health coverage in developing countries. Journal of Health Policy & Outcomes

Research (JHPOR). 2020;1(10.7365). https://doi.ore/10.7365/JHPOR.2020.1.4

90


https://doi.org/10.7365/JHPOR.2020.1.4

10.  Acknowledgements

I am deeply grateful to my supervisor, Dr. Tamas Agh, for granting me the opportunity to
conduct my Ph.D. research in the Department of Pharmaceutical Sciences, at Semmelweis
University. His invaluable guidance and support have been essential to the successful

completion of this work.

I would also like to thank Professor Zoltan Kalo, the professor of health economics at
Semmelweis University, and Dr. Ahmad Fasseeh, the lecturer of health economics at
Alexandria University, who had been my mentors and provided guidance throughout the

journey and all research steps of this Ph.D. research.

Finally, I wish to extend my heartfelt thanks to everyone who contributed to my Ph.D.
journey, even if I haven’t been able to mention each of you by name. Your support,

encouragement, and assistance have been instrumental in helping me achieve this degree.

91



11.  Appendices

Table S1 A summary of databases searched in the SLR

Database

Short summary

Link

PubMed

A comprehensive database maintained
by the National Library of Medicine,
providing access to millions of
references from biomedical and life
sciences journals, including

MEDLINE.

https://pubmed.ncbi.nlm.nih.gov/

Scopus

A multidisciplinary abstract and
citation database that covers peer-
reviewed literature across science,
technology, medicine, social sciences,

and arts and humanities.

https:// www.scopus.com/

Cochrane

Library

A collection of high-quality,
independent evidence to inform
healthcare decision-making, including
systematic reviews from the Cochrane

Collaboration.

https://www.cochranelibrary.com/

Centre for

Reviews and

A UK-based database providing

systematic reviews and economic

https://www.york.ac.uk/crd/

Dissemination | evaluations focused on health
(CRD) interventions and policy.
EconPapers An online resource offering access to a | https://econpapers.repec.org/
comprehensive collection of working
papers, journal articles, and software
components in economics.
ISPOR A repository of abstracts and https://www.ispor.org/heor-
Scientific presentations from ISPOR conferences, | resources/presentations-
Presentations | focusing on health economics and database/search
Database outcomes research.
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https://pubmed.ncbi.nlm.nih.gov/
https://www.scopus.com/
https://www.cochranelibrary.com/
https://www.york.ac.uk/crd/
https://econpapers.repec.org/
https://www.ispor.org/heor-resources/presentations-database/search
https://www.ispor.org/heor-resources/presentations-database/search
https://www.ispor.org/heor-resources/presentations-database/search

NICE
(National
Institute for

An independent public body in the UK,
providing national guidance and advice

to improve health and social care, with

https://www.nice.org.uk/

Health and a focus on health technology

Care assessment.

Excellence)

CADTH A Canadian organization that delivers | https:/www.cda-amc.ca/
(Canadian evidence-based information on the

Agency for clinical effectiveness, cost-

Drugs and effectiveness, and impact of health

Technologies | technologies to support informed

in Health) healthcare decisions.
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Table S2 Systematic Literature Review Search Strategy

Search strings in Scopus

Conducted on December 3,2020

Domain | Subcategory | Search | Search term “Scopus” Number
of hits
Disease | Atopic #1 TITLE-ABS-KEY ("atopic dermatitis" OR “eczema” OR | 46,896
dermatitis "atopic eczema" OR "Prurigo Besnier”) AND ("atopic hits
dermatitis" OR "atopic eczema" OR "Prurigo Besnier")
Burden #2 TITLE-ABS-KEY ( "morbidity" OR "mortality" OR 3,791,142
"morbidities" OR "mortalities" OR "death" OR "deaths" | hits

OR "burden" OR "burden of disease" OR "burden of
illness" OR "humanistic burden" OR "clinical burden"
OR "life years lost" OR "premature mortality" OR
"quality adjusted life years" OR "QALY" OR "disability
adjusted life years" OR "DALY" OR "quality of life" OR
"QoL" OR "health related quality of life" OR "HRQOL"
OR "health-related quality of life" OR "life quality" OR
"economic burden" OR "cost burden" OR "resource
burden" OR "financial burden" OR "economic
consequences" OR "cost of illness" OR "healthcare cost"
OR "cost of disease" OR "cost analysis" OR "cost
assessment" OR "cost study" OR "resource use" OR
"healthcare resources" OR "resource utilization" OR
"expenditure" OR "out of pocket" OR "patient cost" OR
"co-payment" OR "private expenditure" OR "patient
time" OR "caregiver cost" OR "caregiver time" OR
"caregiver cost" OR "caregiver time" OR "societal cost"
OR "social cost" OR "social care cost" OR "work loss"
OR "absenteeism" OR "presenteeism" OR "productivity
loss" OR "lost productivity" OR "earnings" OR
"educational attainment" OR "educational achievement"
OR "educational impairment" OR "occupational
attainment" OR "occupational achievement" OR

"occupational impairment" OR "social functioning" OR
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"social impairment" OR "caregiver burden" OR "family

burden" OR "indirect costs" )

#1 AND #2

5072 hits

Limit to “English”

4517 hits

From 2011

3192 hits

TITLE-ABS-KEY ( "atopic dermatitis" OR "eczema" OR "atopic eczema" OR "Prurigo
Besnier" ) AND ( "atopic dermatitis" OR "atopic eczema" OR '"Prurigo Besnier") AND
TITLE-ABS-KEY ( "morbidity" OR "mortality" OR "morbidities" OR "mortalities" OR
"death" OR "deaths" OR "burden" OR "burden of disease" OR "burden of illness" OR
"humanistic burden" OR "clinical burden" OR "life years lost" OR "premature mortality"
OR "quality adjusted life years" OR "QALY" OR "disability adjusted life years" OR
"DALY" OR "quality oflife" OR "QoL" OR "health related quality oflife" OR
"HRQOL" OR "health-related quality of life" OR "life quality" OR "economic burden"
OR "cost burden" OR "resource burden" OR "financial burden" OR "economic
consequences" OR "cost ofillness" OR "healthcare cost" OR "cost of disease" OR "cost
analysis" OR "cost assessment" OR "cost study" OR "resource use" OR "healthcare
resources" OR '"resource utilization" OR "expenditure" OR "out of pocket" OR "patient
cost" OR "co-payment" OR "private expenditure" OR "patient time" OR "caregiver cost"
OR "caregiver time" OR "caregiver cost" OR "caregivertime" OR "societal cost" OR
"social cost" OR "social care cost” OR "work loss" OR "absenteeism" OR
"presenteeism" OR "productivity loss" OR "lost productivity" OR "earnings" OR
"educational attainment" OR "educational achievement" OR "educational impairment"” OR
"occupational attainment" OR "occupational achievement" OR "occupational impairment"
OR "social functioning" OR "social impairment" OR "caregiver burden" OR "family
burden" OR "indirect costs" ) AND ( LIMIT-TO ( LANGUAGE , "English")) AND (
LIMIT-TO ( PUBYEAR , 2020 ) OR LIMIT-TO ( PUBYEAR , 2019 ) OR LIMIT-TO (
PUBYEAR , 2018 ) OR LIMIT-TO ( PUBYEAR , 2017 ) OR LIMIT-TO ( PUBYEAR ,
2016 ) OR LIMIT-TO ( PUBYEAR , 2015) OR LIMIT-TO ( PUBYEAR , 2014) OR
LIMIT-TO ( PUBYEAR , 2013 ) OR LIMIT-TO ( PUBYEAR , 2012) OR LIMIT-TO (
PUBYEAR , 2011))

Final
search

term

Search strings in Medline (through PubMed)
Conducted on December 3,2020

Domain Subcategory | Search | Search term “PubMed”

Number

of hits
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Disease Atopic #1 ("atopic dermatitis" OR “eczema” OR "atopic 36,422
dermatitis eczema" OR "Prurigo Besnier”) (Title/ abstract) hits
#2 ("atopic dermatitis" OR "atopic eczema" OR 29,159
"Prurigo Besnier”) (All fields) hits
#3 #1 AND #2 24,743
hits
Clinical #4 “morbidity” OR “mortality” OR “morbidities” OR | 1,630,126
burden “mortalities” OR “death” OR “deaths” (Title/ hits
abstract)
Health #5 “burden” OR “burden of disease” OR “burden of 496,086
related illness” OR “humanistic burden” OR “clinical hits
quality oflife burden” OR “life years lost” OR “premature
burden mortality” OR “quality adjusted life years” OR
“QALY” OR “disability adjusted life years” OR
“DALY” or “quality of life” OR “QoL” or “health
related quality oflife” or “HRQOL” or “health-
related quality of life” or “life quality”
Economic Direct #6 “economic burden” OR “cost burden” OR 33479
burden healthcare “resource burden” OR “financial burden” OR hits
cost “economic consequences” OR “cost of illness” OR
“healthcare cost” OR “cost of disease” OR “cost
analysis” OR “cost assessment” OR “cost study”
Direct #7 “resource use” OR “healthcare resources” OR 72,614
patient and “resource utilization” OR “expenditure” OR “out hits
caregiver of pocket” OR “patient cost” OR “co-payment”
cost OR “private expenditure” OR “patient time” OR
“caregiver cost” OR “caregiver time” OR
“caregiver cost” OR “caregiver time”
Wider #8 “societal cost” OR “social cost” OR “social care 44,505
societal (and cost” OR “work loss” OR “absenteeism” OR hits

intangible)

cost

“presenteeism” OR “productivity loss” OR “lost
productivity” OR “earnings” OR “educational
attainment” OR “educational achievement” OR
“educational impairment” OR “occupational

attainment” OR “occupational achievement” OR
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https://pubmed.ncbi.nlm.nih.gov/?term=%22atopic+dermatitis%22%5BTitle%2FAbstract%5D+OR+%E2%80%9Ceczema%E2%80%9D%5BTitle%2FAbstract%5D+OR+%22atopic+eczema%22%5BTitle%2FAbstract%5D+OR+%22Prurigo+Besnier%E2%80%9D%5BTitle%2FAbstract%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%22atopic+dermatitis%22+OR+%22atopic+eczema%22+OR+%22Prurigo+Besnier%E2%80%9D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%E2%80%9Cmorbidity%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cmortality%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cmorbidities%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cmortalities%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cdeath%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cdeaths%E2%80%9D%5BTitle%2FAbstract%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%E2%80%9Cburden%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cburden+of+disease%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cburden+of+illness%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Chumanistic+burden%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cclinical+burden%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Clife+years+lost%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cpremature+mortality%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cquality+adjusted+life+years%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9CQALY%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cdisability+adjusted+life+years%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9CDALY%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cquality+of+life%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9CQoL%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Chealth+related+quality+of+life%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9CHRQOL%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Chealth-related+quality+of+life%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Clife+quality%E2%80%9D%5BTitle%2FAbstract%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%E2%80%9Ceconomic+burden%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccost+burden%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cresource+burden%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cfinancial+burden%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ceconomic+consequences%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccost+of+illness%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Chealthcare+cost%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccost+of+disease%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccost+analysis%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccost+assessment%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccost+study%E2%80%9D%5BTitle%2FAbstract%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%E2%80%9Cresource+use%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Chealthcare+resources%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cresource+utilization%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cexpenditure%E2%80%9D%5BTitle%2FAbstract%5D+OR++%E2%80%9Cout+of+pocket%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cpatient+cost%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cco-payment%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cprivate+expenditure%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cpatient+time%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccaregiver+cost%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccaregiver+time%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccaregiver+cost%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccaregiver+time%E2%80%9D%5BTitle%2FAbstract%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%E2%80%9Csocietal+cost%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Csocial+cost%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Csocial+care+cost%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cwork+loss%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cabsenteeism%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cpresenteeism%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cproductivity+loss%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Clost+productivity%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cearnings%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ceducational+attainment%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ceducational+achievement%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ceducational+impairment%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Coccupational+attainment%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Coccupational+achievement%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Coccupational+impairment%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Csocial+functioning%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Csocial+impairment%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Ccaregiver+burden%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cfamily+burden%E2%80%9D%5BTitle%2FAbstract%5D+OR+%E2%80%9Cindirect+costs%E2%80%9D%5BTitle%2FAbstract%5D&ac=no&sort=relevance

“occupational impairment” OR “social
functioning” OR “social impairment” OR
“caregiver burden” OR “family burden” or

“indirect costs”

#9 #4 OR #5 OR #6 OR #7 OR #8 2,127,246
hits

#3 AND #9 2171 hits
Applied filter “English” 2039 hits
Limit from 2011 1487 hits
Search strategy in Cochrane
Search on December 6, 2020, through https://www.cochranelibrary.com/advanced-search
Search term hits
("atopic dermatitis" OR "eczema" OR "atopic eczema" OR "Prurigo Besnier"):ti,ab,kw AND 24
("morbidity" OR "mortality" OR "morbidities" OR "mortalities" OR "death" OR "deaths" OR [ cochrane
"burden" OR "burden of disease" OR "burden ofillness" OR "humanistic burden" OR reviews

"clinical burden" OR "life years lost" OR "premature mortality" OR "quality adjusted life
years" OR "QALY" OR "disability adjusted life years" OR "DALY" or "quality oflife" OR
"QoL" or "health related quality of life" or "HRQOL" or "health-related quality oflife" or
"life quality" OR "economic burden" OR "cost burden" OR "resource burden" OR "financial
burden" OR "economic consequences" OR "cost of illness" OR "healthcare cost" OR "cost of
disease" OR "cost analysis" OR "cost assessment" OR "cost study" OR "resource use" OR
"healthcare resources" OR "resource utilization" OR "expenditure" OR "out of pocket" OR
"patient cost" OR "co-payment" OR "private expenditure" OR "patient time" OR "caregiver
cost" OR "caregiver time" OR "caregiver cost" OR "caregiver time" OR "societal cost" OR
"social cost" OR "social care cost" OR "work loss" OR "absenteeism" OR "presenteeism" OR
"productivity loss" OR "lost productivity" OR "earnings" OR "educational attainment" OR
"educational achievement" OR "educational impairment" OR "occupational attainment" OR
"occupational achievement" OR "occupational impairment" OR "social functioning" OR
"social impairment" OR "caregiver burden" OR "family burden" or "indirect costs"):ti,ab,kw

AND ("atopic dermatitis" OR "atopic eczema" OR "Prurigo Besnier")

Search strings in ISPOR scientific presentations database

Search on December 6, 2020, through https://www.ispor.org/heor-resources/presentations-database/search

Search term hits
"atopic dermatitis" OR "atopic eczema" 169 hits
Limit to after years (2011-2020) 119 hits
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https://pubmed.ncbi.nlm.nih.gov/?term=longqueryd6b8cf8f413f98967573&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=longquery05ca7e10a1f7e53dd0e5&ac=no&sort=relevance
https://www.cochranelibrary.com/advanced-search
https://www.ispor.org/heor-resources/presentations-database/search

Search strategy in EconPapers

Search on December 6, 2020, through https://econpapers.repec.org/scripts/search.pf

Search term hits
"atopic dermatitis" OR "atopic eczema" 48 hits
Limit to after years (2011-2020) 45 hits
Search strategy in CRD

Search on December 6, 2020, through https://www.crd.york.ac.uk/CRDWeb/ResultsPage.asp

Search term hits
Any field: "atopic dermatitis" OR "atopic eczema" and limit years from 2011 to 2020 50 hits

Search strategy in websites of HTA agencies (NICE, CADTH)

NICE: Search on December 6,2020, through https://www.nice.org.uk/about/what-we-do/evidence-

services/journals-and-databases

Search term hits
"atopic dermatitis" OR "atopic eczema” 40 hits
CADTH: Search on December 6, 2020, through https://www.cadth.ca/

Search term hits
atopic dermatitis 27 hits?
Eczema 35 hits?
disseminated neurodermatitis 1 hit?

aThose numbers do not do not sum to the total hits found in CADTH because there were

several duplicates

Table S3 Details of data adjustment approaches conducted

Type of Data Adjustment Made
Variation
Currency All cost values were converted to USD using the relevant currency

exchangerates at the time of data collection and adjusted to 2020 values

using the Consumer Price Index (CPI).

Timeframe

All cost data reported in non-annual timeframes were standardized by

converting to annual costs to ensure comparability across studies.

Cost Classification

Cost data were consistently reclassified into the following categories for

uniformity:
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* Total Costs: Combined direct and indirect costs.

* Direct Costs: All direct healthcare-related expenses, including
outpatient visits, hospitalizations, topical and systemic therapies, and
phototherapy.

* Indirect Costs: Productivity losses related to absenteeism or

presenteeism due to atopic dermatitis (AD).

Severity Levels

Severity levels were standardized into a 5-point ordinal scale (1 =mild, 5

= severe), as outlined in Section 3.2.5.

Patient Classification

Patient groups were reclassified or renamed, where applicable, to align
similar categories for more consistent and meaningful comparative

analysis.
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Table S4 Detailed number of AD patients in the selected Countries in MEA region subgrouped by age group and gender*

Country

Algeria

Egypt KSA Kuwait Lebanon South Africa UAE
Age group Males Females | Males Females | Males Females | Males Females | Males Females | Males Females | Males Females
10to 14 25,988 32,816 48,804 60,195 18,640 21,330 2,007 2,517 3,126 3,722 42,036 50,386 2,964 3,706
15-19 17,904 22,832 34,046 42,883 16,869 17,833 1,398 1,745 2,085 2,463 27,328 32,264 2,053 2,535
20-24 18,210 23,847 30,646 41,089 20,470 21,173 1,705 2,163 2,081 2,484 19,381 23,244 1,869 2,252
25-29 20,044 26,800 27,648 38,316 24,164 24,179 2,324 3,087 2,649 3,395 15,609 19,306 2,939 1,942
30-34 19,436 26,761 24,944 34,025 26,980 24,901 3,024 4,137 2,468 3,526 12,584 15,256 13,776 3,842
35-39 16,455 22,944 21,074 28,364 24,981 21,059 2,829 3,324 1,802 2,776 9,771 11,670 12,362 6,714
40-44 11,961 16,731 15,363 20,491 18,771 15,256 2,268 2,438 1,236 2,054 7,485 9,127 10,528 3,506
45-49 8,833 12,464 10,817 14,403 11,350 9,763 1,408 1,571 983 1,666 6,116 8,163 5,489 1,868
50-54 6,353 8,953 8,100 10,956 5,915 5,600 919 932 697 1,207 4,969 7,134 2,741 990
55-59 4,458 6,189 5,931 8,062 3,412 3,310 469 484 541 922 4,376 6,745 1,102 494
60-64 3,070 4,244 4,108 5,302 1,908 1,866 268 252 349 617 3,695 5,957 526 260
65-69 2,144 2,868 2,688 3,448 1,083 986 121 131 272 473 2,714 4,546 214 109
70-74 1,197 1,700 1,603 1,910 590 494 95 76 209 356 1,770 3,138 59 44
Total AD population | 156,053 | 209,150 | 235,771 | 309,446 | 175,133 | 167,752 | 18,836 | 22,856 18,497 25,663 157,835 | 196,936 | 56,623 28,262
Total both sexes 365,204 545,217 342,885 41,691 44,161 354,771 84,885

*Source: GBD results tool 2019 (46)
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Table S5 Direct healthcare costs questionnaire used in the MEA expert interviews

Mild diagnosed Moderate Severe/Resistant Comments
Prevelance
Outpatient/Inpatient visits
Proportion (%) |Frequency/year Proportion (%) |Frequency/year Proportion (%) |Frequency/year Price/visit or per day |Price /year
Dermatologist/Allergist specialist visit
Emergency department visits
Hospital stay due to complications/ days
Other??
Medications
Dose/number N 6 Dose/number |Number Dose/number |Number
lumber o]
Proportion % |of boxes per months Proportion % |of boxes per |of Proportion % |of boxes per |of Size of box |Unit Price/Box Price/year
Drug name month month months month months
Emolients (ex. Emo soft cream/Nivea soft cream/Glysolid cream/Panthenol cream/La roche Lipikar)
Topical Corticosteroids (TCS)
3 Low potency TCS (ex. Hydrocortisone 1%)
Q
& I I | I I I [
Medium Potency TCS (ex. Betamethasone /Betaderm/Texacort)
High Potency TCS
Topical Calcineurin inhibitors (TCls) (ex. Treczims, Tarolimus)
Topical PDE4 inhibitors
H M Size of box
Dose/day (No. P Dose/day (No. I OW? Dose/day (No. | OW? (no. of
Proportion % |of tablets/ ow long? Proportion % |of tablets/ ongs Proportion % |of tablets/ ong: tablets/ Price/Box Price/year
L (Days / year) L (Days / L (Days /
injections per injections per ) injections per ) no. of
Drug name day) day) vear. day) vear. injections)
Systemic Antihistamines (ex. Zyrtec/Levohistam/Telfast 120 mg)
g | I | I I [ [
g Systemic Corticosteroids (ex. Solupred 20mg)
5 | I I | I I I I
Systemic immunosuppressants (ex. Cyclosporine)
| I | I I I I 0
Montelukast sodium (ex. Singulair 10mg)
| I I I I I I I 0
Antibiotics (ex. Augmentin)
| I I I I I I I 0
Phototherapy (ex. Narrow band UVB)
»
- | I I | I I I I 0
] Other (ex. Omazilumab)
I I I | I I I I 0
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Table S6: Estimated number of patients in CEE countries by age group (2022 estimate)*

Age group Poland Hungary Romania Czechia Bulgaria Slovakia Croatia Estonia | Lithuania | Slovenia | Latvia
10-14 43,821 17,400 18,586 13,891 7,764 6,825 5,025 5,219 3,695 2,479 1,807
15-19 27,572 11,553 10,807 7,592 4,746 4,277 3,270 2,711 2,361 1,510 914
20-24 21,192 8,393 6,828 5,109 3,084 3,250 2,591 1,717 1,737 1,088 533
25-34 36,969 12,544 10,558 9,542 5,763 5,629 3,608 3,132 2,607 1,803 986
35-44 37,716 14,505 11,462 10,654 6,060 5,749 3,620 2,760 2,160 1,996 804
45-54 30,846 13,138 12,738 10,118 6,244 4,993 3,784 2,672 2,707 2,039 954
55-64 35,515 12,306 11,914 9,261 6,339 5,203 4,168 2,763 2,963 2,135 1,145
65-74 29,384 11,345 10,778 9,562 6,192 4,172 3,392 2,167 2,090 1,688 912

Above 75 19,350 8,534 7,857 6,441 4,322 2,546 2,809 2,033 2,077 1,488 817

Total AD population | 282,363 109,718 101,527 82,171 50,513 42,643 32,266 25,173 22,397 16,225 | 8,872

*Source: GBD results tool 2022 (46)
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Table S7 Estimated EQ-5D index population norm values for Poland

Age range Males Females
18-24 0.953 0.950
25-34 0.950 0.940
35-44 0.924 0.927
45-54 0.891 0.876
55-64 0.858 0.855
65-74 0.843 0.805
75+ 0.781 0.731

Source: Zrubka Z, Golicki D, Prevolnik-Rupel V, Baji P, Rencz F, Brodszky V, Gulacsi L, Péntek M. Towards a Central-Eastern
European EQ-5D-3L population norm: comparing data from Hungarian, Polish and Slovenian population studies. Eur J Health
Econ. 2019 Jun;20(Suppl 1):141-154. doi: 10.1007/s10198-019-01071-0. Epub 2019 May 17. PMID: 31102159; PMCID:
PMC6544754.
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Table S8 Search term used for searching potential policy interventions

Domain Search terms
AD domain (“Atopic dermatitis” OR “Atopic eczema” OR “eczema’)
Policy actions (“white paper” OR “policy” OR “policies” OR “reducing the burden” OR “reducing burden”

OR “patient education” OR “social support” OR ‘“‘decision makers” OR “policymakers” OR
“early prevention” OR “support group” OR “support groups”’)

Table S9 Multivariate regression model for utility of patients with AD

Parameter | Beta coefficient | Standard 95% Wald Confidence | Hypothesis test
(1)) error interval
Lower Upper Wald chi- Degrees of freedom | Significan
squared (df) ce

(Intercept) 1.348 0.2433 0.871 1.825 30.675 1 0.000
Severity rank 0.108 0.0256 0.058 0.158 17.746 1 0.000
=2

Severity rank 0.086 0.0504 -0.013 0.185 2.925 1 0.087
=3

Severity rank 02

=4
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Age, years -0.005 0.0031 -0.011 0.001 2.626 0.105
% of males -0.863 0.2772 -1.406 -0.319 9.686 0.002
Scale 0.001° 0.0006 0.001 0.003

Dependent variable: quality of life

a Set to zero because this parameter is redundant

b Maximum-likelihood estimate
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Figure S1 Summary of the risk of bias assessment results of included studies in the systematic literature review
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