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ABSTRACT ARTICLE HISTORY
Introduction: Asthma, allergic rhinitis, atopic dermatitis, and food allergy affect approximately 20% of Received 5 December 2019
the global population. Few studies describe the burden of the totality of these diseases and only ~ Accepted 2 September 2020
a handful studies provide a comprehensive overview of the socioeconomic impact of these diseases. KEYWORDS

Areas covered: For this narrative review, we searched Pubmed using selected keywords and inspected Asthma; allergic rhinitis;
relevant references using a snowballing process. We provide an overview of the socioeconomic burden atopic dermatitis; food

of allergic diseases (in particular, asthma, allergic rhinitis, atopic dermatitis, and food allergy). The focus allergy; direct costs

of this review is on their epidemiology (incidence, prevalence), burden (disability-adjusted life years,

quality of life), and direct and indirect costs (absenteeism and presenteeism). We have put special

emphasis on differences between countries.

Expert commentary: Both the prevalence and the burden of allergic diseases are considerable with

prevalence varying between 1% and 20%. We identified a plethora of studies on asthma, but studies

were generally difficult to compare due to the heterogeneity in measures used. There were only few

studies on the burden of food allergy; therefore, more studies on this allergy are required. For future

studies, we recommend standardizing epidemiologic, socioeconomic impact, and quality of life mea-

sures of allergic diseases.

1. Introduction More recently, it has been acknowledged that type 2 helper
T cells (Th2 cells) play a critical role in all atopic diseases [15].
The body reacts to antigens (such as house dust mites, animal
dander, plant- or tree pollen, food products) with a complex
immune response [16]. That response starts with the activation
and differentiation of specific Th2 cells. These cells, later on,
control immunoglobulin E (IgE) production against allergens,
IgE-dependent mast-cell activation and eosinophil recruitment
by producing various cytokines such as IL-4, IL-5, and IL-13. On
re-exposure to these allergens, cross-linking of IgE on mast
cells releases mediators of hypersensitivity such as histamine
and can result in immediate symptoms [17]. Because of their
critical role, Th2 cells and their cytokine products are impor-
tant targets for future therapies in atopic diseases [18,19].
The siloed etiology, epidemiology, and management of
asthma [19,20], allergic rhinitis [21,22], atopic dermatitis
[12,23-25], and food allergy have been extensively described
in earlier reviews. Fewer studies have been performed describ-
ing the totality of the burden of these Th2-related diseases
[26-31]. Only a handful of studies gave a comprehensive over-
view of the socioeconomic effects of atopic diseases [32-34].
Moreover, within these economic studies, large diversity in
applied methods and outcomes was observed [35]. The dis-
crepancy between, on the one hand, the fragmented ‘per-

Asthma and other atopic diseases such as allergic rhinitis,
atopic dermatitis, and food allergy have profoundly increased
in frequency in recent decades. Notably, all combined, they
now affect approximately 20% of the global population [1].
Although allergic rhinitis and atopic dermatitis are more pre-
valent, the vast majority of epidemiological studies on allergic
diseases have focused on asthma. Indeed, in their overview of
systematic reviews in allergic epidemiology, Genuneit et al.
showed that 72.9% of allergic studies provided data on
asthma; while allergic rhinitis and atopic eczema were only
covered in 15.7% and 24.5% of the studies, respectively. [2].
For more than a decade, the relationship between these
diseases has been sometimes referred to as ‘the atopic march’
[3-7]. The basis for the atopic march lies in the theory that all
allergic diseases may share a common ground [8-10] and that
this cohesion should be considered in their management [11].
In particular the early childhood phase, where food allergy and
atopic dermatitis are often present, is a crucial period for
a person to develop asthma and/or allergic rhinitis [12].
Although several studies relate to the atopic march, this the-
ory is not uniformly accepted, some studies suggest a distinct
phenotype rather than a progressive development [13,14].
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Article highlights

o Asthma, allergic rhinitis, atopic dermatitis, and food allergy affect
approximately 20% of the global population.

o These diseases have a serious impact on quality of life, direct- and
indirect costs.

e Regarding indirect costs, work productivity is mostly affected in the
form of presenteeism.

e We recommend future studies to systematically address research
gaps regarding the socioeconomic impact and quality of life in
allergic diseases.

¢ In medical costs studies there should be a uniform way of presenting
the real costs to a local patient population in the context of its
setting

disease’ approach used in earlier studies and, on the other
hand, the enhanced awareness of the interconnectivity [36]
and multimorbidity [37] of Th2 related diseases and their
(pharmacological) treatment, calls for a holistic overview of
the burden and socioeconomic effects of atopic diseases.

In this review, we provide an overview of the socioeco-
nomic burden of allergic diseases. In particular, we focus on
asthma, allergic rhinitis, atopic dermatitis, and food allergies’
epidemiology, their direct and indirect costs, and their impact
on patients’ quality of life. Although we cite some important
studies regarding allergies in children, in this review we mainly
focus on the burden of these allergies in adults.

2. Methods

For this narrative, non-systematic, review, we searched
Pubmed in August 2019 with (combinations of) the following
keywords: asthma, allergic asthma, rhinitis, atopic rhinitis,
allergic rhinitis, atopic dermatitis, eczema, atopic eczema,
food allergy in combination with the following terms: global,
burden, prevalence, costs, direct costs, indirect costs, absen-
teeism, presenteeism, work absence, and quality of life. We
subsequently ‘snowballed” on identified references to identify
further relevant studies. Therefore, we checked the reference
lists of the articles identified in the initial Pubmed search.

3. Asthma
3.1. Epidemiology

Over the last four decades, numerous studies have been
published describing the prevalence of asthma. It seems
clear that the prevalence of asthma is increasing in most
parts of the world since the 1950s [38]. In 2006, an article in
the New England Journal of Medicine even spoke of ‘the
Asthma Epidemic’ [39]. Despite the plethora of studies, it is
difficult to compare the results of different epidemiological
studies on asthma. There is no standardized definition of
asthma and no golden standard on how to objectively diag-
nose asthma [40], mainly caused by the complexity and
heterogeneity of the disease. Assessment of the frequency
of asthma is mostly based on questionnaires, simple tests,
and the coding of medical care such as hospital attendances
and drug prescriptions [41]. Studies from countries outside

Europe, North-America, and Australia are limited, and parti-
cularly few are from low-income countries [38]. One of the
few studies describing the prevalence of asthma in sub-
Saharan countries showed an asthma prevalence of 6.8% in
Uganda [42]. Most studies describe the prevalence of asthma
in children (ISAAC phase 3) [43].

An overview of asthma data of the European countries is
presented in the ERJ Whitebook [44]. Here, reported preva-
lence ranges from 1.4% in Bosnia-Herzegovina to 20.6% in
Sweden. For Asian and American countries, a review of
Masoli et al. [45] indicated that asthma prevalence ranges
from 1.3% in Nepal to 13.0% in Peru. Yet, even in these
systematic overviews, there is considerable variation in the
underlying data and the definitions used. In order to over-
come these issues and produce comparable results across
the globe, the Global Burden of Disease (GBD) initiative was
launched. In short, the GBD study estimates deaths, inci-
dence, prevalence, and disability-adjusted life years (DALY)
rates for 310 diseases and injuries for 195 countries and
territories by age group and sex from 1990 up to now. The
methods of this study are extensively reported elsewhere
[46-48]. In a systematic analysis for the GBD Study 2015
[49], Soriano et al. calculated that globally 358.2 million
individuals had asthma. An overview of global GBD asthma
prevalence data is provided in Figure 1 (GBD Figures 1-7 are
composed using the health data visualization tool of the
Institute of Health Metrics and Evaluation, IHME: https://viz
hub.healthdata.org/gbd-compare).

3.2. Direct health-care costs

It is generally agreed that direct health-care costs are the
costs of formal health-care goods and services (hospital,
physician, nursing, home care, drugs, etc.) [50]. Numerous
studies have been published evaluating the economic bur-
den of asthma on society and individuals. However, it was
only in 2009 that the first systematic review on the eco-
nomic burden of asthma was published [51]. Total asthma
costs have significant differences between countries,
depending on factors like country gross domestic product
(GDP), geographic and demographic status, type of health
system, and organization of health services [52].
Nurmagambetov et al. in 2018 studied 10,237 patients with
treated asthma in the USA [53]. The annual per-person med-
ical cost of asthma was 3,266 USD of which 1,830 USD was
attributable to prescription medication, 640 USD to office
visits, 529 USD to hospitalizations, 176 USD to outpatient
visits, and 105 USD to emergency room visits. For the year
2013, with a prevalence of 4.9%, they estimated the total
medical costs of asthma in the United States at 57.9
USD billion.

In Europe, the direct costs vary per country; Nunes et al.
[52] estimated that the annual costs per patient, using the
Purchasing Power Parity method, ranged from less than 500
USD in Russia to over 2,000 USD in the UK. In the UK, the total
cost of asthma to the public health service was estimated at
about £1 billion, 74% of this cost was assigned to the provi-
sion of primary care services and medication (60% prescrip-
tions, 14% consultations) [54].
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Figure 2. DALYs per 100,000 in patients with asthma, both sexes, all ages, 2015 (https://vizhub.healthdata.org/gbd-compare/).

Figure 3. YLDs per 100,000 in patients with asthma, both sexes, all ages, 2015 (https://vizhub.healthdata.org/gbd-compare/).
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Figure 5. Global prevalence of atopic dermatitis both sexes, all ages 2015, ranging from 1,200 (dark blue) to 6,400 (red) per 100,000 (https://vizhub.healthdata.org/
gb-compare/).

Figure 6. DALYs per 100,000 in patients with atopic dermatitis, both sexes all ages, 2015 [52(red) to 280 (darkblue)] (https://vizhub.healthdata.org/gbd-compare/).
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Figure 7. YLDs per 100,000 in patients with atopic dermatitis, both sexes all ages, 2015 [52(red) to 280 (darkblue)] (https://vizhub.healthdata.org/gbd-compare/).

Ehteshami-Afshar et al. [55] estimated the direct costs of
asthma in Middle Eastern countries as low as 150 USD per year
(Abu Dhabi, United Arab Emirates) and between 247 USD and
592 USD in South-East Asia. In this review, the highest direct
costs of asthma were in the USA: over 3000 USD. Furthermore,
they showed that medication was the largest component of
direct medical costs in the majority of studies, varying from
68% of total direct costs in Canada to 45% in Spain.

3.3. Indirect cost: absenteeism and presentism

Already in 1969, it was acknowledged that work absence was
considerable in patients with asthma in the UK [56]. Over the
last two decades, numerous studies have analyzed the impact
of asthma on work productivity and absence, including the
costs for the employer [57], the cost for the patient [58], care-
taker [59], healthcare worker [60], and the costs for parents of
children with asthma [61]. Although in general there is not
much debate about the definition of direct costs [62], there is
less than full agreement on which costs can be called indirect
[50]. In all definitions of indirect costs, productivity loss plays
an important role. Therefore, we focus on this major part of
indirect costs. Productivity loss is the opportunity cost due to
foregone labor; it can be caused by absenteeism (the with-
drawal of labor) or by presenteeism (inefficiency of labor due
to impairment) [50].

In 2004, the Global Asthma Insights and Reality Surveys
studied the international burden of absences from school in
children and work loss in adults caused by asthma in the
previous 12 months [63]. Lost work days caused by asthma
were as follows: 25% in the United States; 17% in Western
Europe; 27% in the Asia-Pacific region and 23% in Central and
Eastern Europe. Work loss was uniform in adults, although
there were some notable exceptions, possibly because of
socio-cultural differences. The percentage of adults with
work loss caused by asthma in the Asia-Pacific region ranged
from 8% in South Korea to 47% in The Philippines [63].
Moreover, this study showed that in asthma patients with
comorbidities, productivity loss was even 1.5 times higher
than in patients with only asthma [64]. Dierick et al. [65]

compared the work absence data of 9,988 patients with
asthma of working age with the general Balearic population
of working age. In 2012, 16% of the asthma patients had any
work absence compared to 9% in the general population.
Ehteshami et al. [55] showed in their review study the lowest
indirect costs in the Republic of Korea ($142/py) and the
highest indirect costs in U.S. ($1274/py). Yet, the reviewed
studies differed significantly making the costs difficult to com-
pare directly.

Lamb et al. [66] focused on productivity loss in allergic
rhinitis but compared this with other morbidities, amongst
others, asthma. The costs of all 11 employee conditions trans-
lated into an average loss per employee of 2,684 USD of which
85 USD were due to asthma (compared to 593 USD for allergic
rhinitis). Sadatsafavi et al. [67] recruited 300 individuals with
asthma in Canada and 146 (48.7%) of them reported produc-
tivity loss due to asthma. In total, 137 (45.7%) reported pre-
senteeism and 49 (16.3%) of the asthma patients reported
absenteeism. On average, an employed adult with asthma
lost 7.6 hours per week for health-related productivity loss,
equal to 20.9% of the time they worked. It was shown that 122
patients (40.7%) with uncontrolled asthma had a weekly pro-
ductivity loss of CAD$185. Accordini et al. estimated the total
costs of asthma in Europe to be €19.3 billion, 62.5% of these
costs were due to indirect non-medical costs [68].

3.4. Quality of life and mortality

Asthma can worsen patients’ quality of life (QoL), can limit
daily activities, and can disrupt sleep at night. QoL is often
measured with questionnaires. The most used questionnaires
are the Asthma Quality of Life Questionnaire (AQLQ) and the
Saint George’s Respiratory Questionnaire (SGRQ) [69]. These
questionnaires represent the personal burden of illness, as
perceived by the patient and are, therefore, also considered
under the umbrella of ‘patient reported outcomes.” The effect
of asthma on QoL is expected to occur with different charac-
teristics and magnitude to several patient factors, including
age [70]. Symptom frequency, especially chest tightness and
shortness of breath, is strongly associated with impaired QoL
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scores [71]. The SGRQ-impact score has a strong correlation
with disease severity [72]. The most important clinical para-
meter affecting the QoL of patients with asthma is disease
severity [73].

While the AQLQ and SGRQ are respiratory disease-specific,
a more generalizable way of assessing the impact of asthma
on individuals is to determine the DALYs and years lived with
disability (YLDs). One DALY can be thought of as one lost year
of healthy life, thus quantifying the burden of disease from
mortality and morbidity together. This also allows
a comparison between different diseases.

The Global Burden of Disease (GBD) study provides annual
updates on estimates of deaths, prevalence, DALYs and YLDs
[49]. Age-standardized DALY rates due to asthma were similar
between males (365 per 100,000 people) and females (368 per
100,000 people). With 26.2 million DALYs, asthma contributed
1.1% to the total global burden of disease in 2015.

Figure 2 shows the distribution of the burden of asthma,
ranging from 110 DALYs per 100,000 (dark blue) to 1,700
DALYs per 100,000 (red). Figure 3 shows the global distribu-
tion of the burden of asthma in YLDs, ranging from 73 (dark
blue) to 470 (red).

In their 2017 Lancet study, Ebmeier et al. [74] estimated
that between 1993 and 2006 the asthma mortality rate
declined significantly, from 0.44 deaths per 100,000 to 0.19
deaths per 100,000. They studied asthma patients between 5
and 34 years old in 36 high-income countries and 10 middle-
income countries. They also highlighted that the mortality rate
did not further decline between 2006 and 2012. Although
asthma prevalence is generally lower in low-income countries,
Burney et al. [75] showed that in these countries the mortality
rate is higher. Globally, asthma is estimated to be the 42"
cause of years of life lost. In poorer countries, asthma deaths
are a more frequent cause of death (Oceania 13t™ South-East
Asia 25™, North Africa and Middle East 30™, sub-Saharan 33'9).
Figure 4 shows the global mortality of asthma estimated by
the GBD, ranging from 0 (dark blue) to 38 per 100,000 -
per year (red).

4. Allergic rhinitis

Allergic rhinitis is the most common allergic airway disease
with symptoms like rhinorrhea, sneezing, itching, and nasal
blockage. In allergic rhinitis, initial exposure to allergens
involves antigen-presenting cells, T and B lymphocytes and
results in the generation of allergen-specific T cells and IgE
antibodies. On re-exposure, it results in the release of media-
tors of hypersensitivity such as histamine and immediate nasal
symptoms. Within hours there is an infiltration into nasal
mucosal tissue by inflammatory cells, especially Th2 cells and
eosinophils that results in the late-phase allergic response [17].
This IgE-mediated inflammation of the airways can either
manifest as allergic rhinitis, asthma, or both. The Allergic
Rhinitis and its Impact on Asthma (ARIA) 2008 Practice
Parameter defines rhinitis as ‘a condition characterized by
one or more of the following nasal symptoms: congestion,
rhinorrhea (anterior and posterior), sneezing, and itching [76].

4.1. Epidemiology

As for asthma, studying the epidemiology of allergic rhinitis is
complicated by the different definitions and the different ways
the diagnosis is made and recorded. Furthermore, Tan et al.
[77] showed that almost 70% of patients who purchased nasal
treatment in a community pharmacy self-managed their aller-
gic rhinitis with over-the-counter medication. Of all patients
with allergic rhinitis symptoms, only 44.3% had a doctor’s
diagnosis.

On the other hand, many national and multinational stu-
dies are rapidly improving our knowledge on the prevalence
of allergic rhinitis. The International Study of Asthma and
Allergies in Childhood (ISAAC) [78] measures the global pat-
terns of prevalence and severity in children. In phase Il of this
study, the prevalence of rhinitis with itchy-watery eyes over
the past year varied across centers from 0.8% to 14.9% in
6-7 year olds and from 1.4% to 39.7% in 13-14 year olds.
The highest regional prevalence rates were found in Africa
(18.0%) and Latin America (17.3%), the lowest in Northern
and Eastern Europe. They also showed that countries with
a low prevalence of asthma (<5%) such as Indonesia,
Albania, Georgia, and Greece also had a low prevalence of
allergic rhinitis. Countries with a very high prevalence of
asthma (>30%) like Australia, New Zealand, and UK had
a high prevalence of rhinitis (15-20%). Morgan et al. [42]
showed that in Uganda the prevalence of allergic rhinitis is
11.9% and that the prevalence is twice as high in urban
settings compared to rural areas.

Bauchau et al. [22] studied the prevalence and rate of
diagnosis of allergic rhinitis in Europe. A total of 9,646 tele-
phone interviews were conducted. Self-awareness of allergic
rhinitis was reported in 19% of the subjects. Of note, 70% of
the subjects with self-awareness of allergic rhinitis reported
having received a physician-based diagnosis. Overall, the self-
reported prevalence of current asthma was 6.4% while 22% of
the subjects who reported to have a physician-based diagno-
sis of allergic rhinitis reported having current asthma.

Bousquet et al. [79] reviewed numerous mono- and multi-
centric studies in their ARIA 2008 update. In the general
population of Europe, using the ARIA definition, the preva-
lence of allergic rhinitis was 25%, ranging from 17% in Italy to
28.5% in Belgium. They estimated that allergic rhinitis occurs
in 500 million people around the world.

4.2. Direct healthcare costs

Although the annual cost to manage a patient with allergic
rhinitis is relatively low compared to, for instance, asthma, its
high prevalence makes allergic rhinitis a costly disease to treat
on a population basis [80]. It was estimated that the direct
costs of allergic rhino conjunctivitis (as primary diagnosis) in
the USA in 1996 was 1.9 USD billion [81]. In 2003, using data
from the 1996 medical expenditure panel, Law et al. [82]
calculated that the total direct medical cost of allergic rhinitis
was 3.4 USD billion, with 46.6% attributable to prescription
medication. They also found a distinct increase in the costs of
allergic rhinitis compared with figures reported in the 1990s.



Cardell et al. [83] analyzed 3,501 questionnaires that were
sent to 8,001 random Swedish residents aged between 18 and
65 years. Notably, 24% of the subjects reported allergic rhini-
tis. The direct costs were calculated using the ARIA guidelines
and were € 210 per individual per year.

In Spain, Colas et al. [84] performed a multicentre, observa-
tional, prospective study in 2009. In this study, allergic rhinitis
was diagnosed by an allergologist and classified according to
the ARIA guidelines as mild, moderate, or severe. They eval-
uated 498 patients, 71.1% had moderate allergic rhinitis. The
mean direct cost of allergic rhinitis per patient-year was € 554.

In a recent study, Belhassen et al. [85] analyzed the healthcare
data of 52,621 patients in France between 18 and 65 years in 2010,
and found a prevalence of allergic rhinitis of 6.8% in this age band.
In total, 26.2% of these patients were also diagnosed with allergic
asthma. The median direct cost of a patient with allergic rhinitis
and no asthma was €159, for a patient with allergic rhinitis with
asthma the direct costs were between €266 and €375. The rela-
tively low direct costs in this study are explained by the fact that
patients were only included on GP’s diagnoses and prescribing
data and by the fact that in France most nonsteroidal anti-
inflammatory drugs are provided ‘over the counter.” Therefore,
medical resource utilization and associated costs could have
been underestimated.

Outside Europe or the USA, limited data on the direct costs of
allergic rhinitis were available. Patients in Ankara, Turkey, were
studied by Celik et al. [86]. The mean cost of a patient with
allergic rhinitis with no comorbidity during the pollen season
was 79 USD and the direct costs for patients with allergic rhinitis
and asthma and/or conjunctivitis were 139. USD

In Korea, Kim et al. [87] extracted the insurance claims
records from the Korea National Health Insurance
Corporation. With a total of 4,068,517 people identified as
having allergic rhinitis they calculated a prevalence of 8.4%.
The total direct cost was 224 USD million.

In India, Ghoshal et al. [88] studied patients with respiratory
diseases such as asthma, allergic rhinitis, COPD, and rhinosi-
nusitis. A total of 1000 patients >18 years presenting to
a healthcare provider during a routine consultation were
enrolled and 80% of them had a diagnosis of asthma and/or
allergic rhinitis. The direct costs for patients with allergic rhi-
nitis as primary diagnosis were around 215 USD per year.
Medication was the most significant direct cost. Furthermore,
in this study there was high use of alternative medicine,
possibly either reflecting the lack of evidence-based medicine,
limited resources, or access to health care and/or cultural
beliefs.

All and all, the direct costs of allergic rhinitis per patient
per year are lower than for asthma but still the total costs are
significant given its high prevalence.

4.3. Indirect cost: absenteeism and presentism

Some of the aforementioned studies also took the indirect
costs of allergic rhinitis into account. Although Kim et al. [87]
showed in Korea lower indirect costs ($49 million in produc-
tivity loss) than direct costs ($224 million), most other studies
showed higher indirect costs. Furthermore, these studies show
that presenteeism contributes more to productivity loss than
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absenteeism. Colas et al. [84] calculated in Spain the indirect
costs of AR to be €1772 per person per year (direct costs were
€553). Presenteeism accounted for 95% and absenteeism for
only 5%.

For example, in India, 37% of the patients with allergic
rhinitis had presenteeism and only 7% had absence from
work. In this population, allergic rhinitis was responsible for
total indirect costs of 460 USD per patient per year [88].

In Sweden, indirect costs caused by presenteeism and
absenteeism were €751 per individual/year [83]. Absenteeism
represented 8% of the total costs and presenteeism 70%. The
average reduction in workability was 17%. The calculated total
cost to Swedish society because of allergic rhinitis was
€1.3 billion.

In the USA, 8,267 employees of 27 companies completed
the Work Productivity Short Inventory (WPSI). This is a self-
administered short questionnaire which records demographic
information as well as presenteeism and absenteeism in the
last year. Data for 11 common employee health conditions
(allergic rhinitis, anxiety, arthritis, asthma, coronary artery dis-
ease, depression, diabetes, high stress, hypertension, migraine,
and respiratory infection) were collected. Of note, allergic
rhinitis was the most prevalent of the selected conditions. In
particular, 55% of the employees experienced symptoms of
allergic rhinitis during the last year, on average 52.5 days
per year; they missed 3.57 days of work per year and were
unproductive for 2.3 hours per working day while they were
symptomatic. The mean total productivity (absenteeism and
presenteeism) loss per employee due to allergic rhinitis was
518 USD (compared to 95 USD for diabetes, 85 USD for
asthma, and 40 USD for coronary heart disease) [66].

To estimate the total cost of absenteeism and presenteeism
associated with allergic rhinitis in the United States, Crystal-
Peters et al. [89] combined data from the National Health
Interview Survey (NHIS) with information on the use of sedat-
ing over-the counter-allergy medications and workers’ self-
assessments of productivity loss due to allergic rhinitis. They
calculated the productivity losses due to allergic rhinitis in the
USA to 5.2 USD billion per year, up to 4.6 billion of these costs
were caused by productivity losses due to sedative effects of
antihistamines.

4.4. Quality of life

It is now recognized that allergic rhinitis is associated with
diverse symptoms, but also with impairments in how patients
function in day-to-day life [79]. Having allergic rhinitis can lead
to fatigue and mood changes, impairment of cognitive func-
tion, depression, and anxiety, thus having a severe impact on
QoL. One way of monitoring control of allergic rhinitis (and
asthma) is using the Control of Allergic Rhinitis and Asthma
Test (CARAT) [90]. The strong point of this test is the combina-
tion of asthma and allergic rhinitis. Meltzer et al. [91] studied
the health-related quality of life (HRQoL) of patients with
allergic rhinitis. Using disease-specific questionnaires, they
showed that HRQoL issues in allergic rhinitis patients include
fatigue, decrease in energy, general health perception, and
social function. Furthermore, they showed a relation between
impairment of HRQoL and the severity of the disease.
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Although allergic rhinitis medication can have adverse side
effects, in this study it was postulated that effective therapy
of allergic rhinitis with non-sedating antihistamines, intranasal
corticosteroids, and other common approved treatments
results in improvements in HRQoL.

A 2016 review [92], about American, Latin American, and
Asian Pacific studies showed that between 35% and 50% of
adult allergic rhinitis patients experience at least a moderate
effect of their disease on daily life.

5. Atopic dermatitis

Atopic dermatitis, also called eczema, is a chronic inflamma-
tory skin disorder. In the pathogenesis of this disease, both
immune dysregulation and cutaneous barrier dysfunction are
involved. Although it has been considered a Th2/Thi-
mediated disease, recent studies have suggested the activa-
tion of Th22 and Th7 [6]. It is a complex disease with wide
variety of clinical presentations and combinations of symp-
toms [12,93]. First symptoms of atopic dermatitis often appear
early in life and could precede other allergic diseases such as
asthma and allergic dermatitis. Usually, atopic dermatitis is the
first manifestation of the ‘atopic march.’ Its clinical hallmarks,
intense itching, and eczematous lesions, were already noted in
ancient times [94]. Given atopic dermatitis cannot be cured at
present, the aim of its management is to improve symptoms
and achieve long-term disease control [95].

5.1. Epidemiology

Numerous epidemiological studies have been performed esti-
mating the prevalence of atopic dermatitis. Some of the most
valuable atopic dermatitis prevalence data have come from the
ISAAC study. This is the largest and only true global allergy study
using a uniformly validated methodology allowing direct com-
parison between pediatric populations in the world [96]. For the
age group 13-14 years, ISAAC showed data from 663,256 parti-
cipants from 96 countries estimating prevalence values varying
from 0.2% in China to 24.6% in Colombia [97]. The highest
values were found in Africa and Latin America.

Unfortunately, this kind of comprehensive data is not avail-
able for adults. As in asthma and allergic rhinitis, studying the
prevalence of atopic dermatitis is complicated by different
definitions and different ways the diagnosis is made.
Furthermore, there is no uniform way of recording and pre-
senting this disease. Overall, it is known that after adolescence
there is a steep decline in the prevalence of atopic dermatitis.
Pols et al. [20] showed that the prevalence of atopic dermatitis
in UK and the Netherlands ranged from 1.8% to 9.5% in
general practice and from 11.4% to 24.2% in the total popula-
tion. Mei-Yen et al. [98] studied the variation in the prevalence
of atopic dermatitis among different countries. They found
prevalence rates in adults varying from 2.6% in Korea to over
11% in Sweden, Malaysia, and Singapore.

Yu et al. [99] showed that while 26.5% of children in Korea
under 2 years had atopic dermatitis, at the age of 18 years the
prevalence was 2.4%.

Studies regarding Africa and the Middle East are much
scarcer. Al-Afif et al. [100] present prevalence data from the
ISAAC phase 3 study. They not only showed the difference in
prevalence between countries, but they also compared the
prevalence in urban environments (Tehran, Iran, 17.6%) to
that in rural areas (Shahr-e-Kord, Iran, 2.1%).

In a multinational, cross-sectional study designed to repre-
sent the general population of US, Canada, France, Germany,
Italy, Spain, and the United Kingdom, Barbarot et al. collected
data through a web-based survey (n = around 20,000 in
U.S. and around 10,000 in the other countries). In the overall
population, the 12 month adult prevalence of atopic dermati-
tis was 4.9% (algorithm based on ISAAC and the United
Kingdom Working Party (UKWPD) criteria). The self-report of
physician-diagnosed atopic dermatitis ranged from 4.2% in
Germany to 17.6% in Spain [101].

Silverberg et al. [102] collected data from the National
Health Interview Survey (NHIS) 2010 and 2012. Data were
collected from 27,157 adults for the 2010 NHIS and 34,613
for the 2012 NHIS. In 2010, the one-year history of allergic
dermatitis was determined by a positive response to the
question: ‘During the past 12 months, have you had dermati-
tis, eczema, or any other red, inflamed skin rash?’ In 2012 the
question was: ‘During the past 12 months, have you been told
by a physician or other health professional that you had
eczema or any kind of skin allergy?” The 2010 prevalence of
atopic dermatitis in adults was 10.2%. The 2012 US prevalence
in adults was 7.2%. In their 2019 cross-sectional US popula-
tion-based study, Silverberg et al. showed that 10.4% reported
a diagnosis of atopic dermatitis or eczema, 9.1% met UKWP
criteria, 3.6% met UKWP criteria and were diagnosed with
atopic dermatitis or eczema [103]. Using the same UKWP
criteria, Chiesa Fuxench et al. [104] reported a prevalence in
the US of atopic dermatitis in adults of 7.3% Figure 5 shows
the global prevalence of atopic dermatitis ranging from 1.2%
to 6.4% as per GBD estimates.

5.2. Direct healthcare costs

As in asthma and allergic rhinitis, calculating the totality of
direct and indirect costs of atopic dermatitis is difficult [105]. It
is a disease with a high prevalence and a broad spectrum of
severity. Direct costs include prescriptions, physician visits,
emergency, and hospital costs.

In their 2015 study, Silverberg et al. [102] showed that 75%
of patients with allergic dermatitis had seen a physician for
their eczema in the previous 12 months. In the 2010 NHIS
survey, patients had significantly higher odds of visiting an
emergency center, visiting a physician or hospitalization and
receiving home health care than patients without eczema.
Patients with atopic dermatitis also had significantly higher
health-care costs than patients without eczema (an average
additional cost of 371 USD and 489 USD per person-year,
respectively).

The most comprehensive investigation of the economics of
atopic dermatitis in the US came from a joint report of the
American Academy of Dermatology and the Society for
Investigative Dermatology published in 2006 [106]. For this cost-
of-disease study, data were obtained from several nationally



representative public and private databases, including the
National Health Interview Survey (NHIS). The joint report esti-
mated that the total direct costs of atopic dermatitis in the US in
2004 were 1,009 USD billion. The prevalence of atopic dermatitis
in this study, roughly 5%, is lower than in other studies, and the
cost of over-the-counter products was not included. More
recently, using different methods, Lim et al. [107,108] showed
that the direct US healthcare costs of atopic dermatitis in 2013
were between 252 USD million and 314 USD million.

Recently, Zink et al. [109]. studied the extra out-of-pocket
costs due to atopic dermatitis in nine European counties:
Czech Republic, Denmark, France, Germany, Italy, the
Netherlands, Spain, Sweden, and the UK. A total of 1,189
patients (56% women) with atopic dermatitis participated in
the study and were interviewed by telephone. At the time of
the interview (October 2017-March 2018), 55% of these
patients had mild atopic dermatitis or were clear of atopic
dermatitis, 45% had moderate, severe, or very severe atopic
dermatitis. On average, patients with atopic dermatitis spent
an additional €927 per year on health care with emollients and
moisturizers accounting for the highest costs (€332), followed
by medication (€213) and doctors and hospitals (€104).

In their 2015 study Kim et al. [110] conducted a prospective
cost analysis by reviewing the home accounting records of
patients with atopic dermatitis in Korea. To calculate the direct
costs, the medical bills for consultations, laboratory examina-
tions, medical procedures, hospital stays, drugs, dispensing
fees, and medication storage fees were analyzed. The total
direct medical costs in adults were KRW 510,777 (€358, using
the exchange rate of September 3, 2019).

5.3. Indirect cost: absenteeism and presentism

Like in asthma and allergic rhinitis, indirect costs in patients
with atopic dermatitis are significant. Indirect costs are mainly
caused by presenteeism. Indeed, Zink et al. [109] showed that
57% of the studied patients in Europe had at least 1 to 5 days
of work absence, 26% had 6 to 10 days work absence and 13%
missed 11 days or more due to atopic dermatitis.

In 2019, Andersen et al analyzed surveys of 1,098 patients
with moderate-to-severe atopic dermatitis and 134 patients
with mild atopic dermatitis in France, Germany, the UK, and
the US. Atopic dermatitis severity was determined by the PO-
SCORAD (Patient-Oriented-SCORing-Atopic Dermatitis) scale
and work productivity loss and work absence was assessed
using the Work Productivity and Activity Impairment (WPAI)
questionnaire for atopic dermatitis. For overall work impair-
ment due to atopic dermatitis, patients with mild atopic der-
matitis reported 2.4 hours per week of potential work
productivity loss, patients with moderate atopic dermatitis
reported 9.6 hours per week and respondents with severe
atopic dermatitis reported 19.0 hours per week potential pro-
ductivity loss.

Bickers et al. [106]. calculated that the indirect cost of
atopic dermatitis in the US because of lost productivity in
2004 was 619 USD million. In this study, the overall direct
costs ($1,009 million) were higher than the overall indirect
costs.
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In the Netherlands, Os-Medendorp et al. [111] included 253
patients with atopic dermatitis. Most patients had moderate
(37%) severe (35%) or very severe (10%) atopic dermatitis. In
total, 23% of patients took sick leave in the previous two
weeks and 64% in the last year. Sick leave due to atopic
dermatitis was 12% in the last two weeks and 42% in the
last year.

Zuberbier et al. [112]. analyzed the effect of atopic derma-
titis on the performance at work and the work absence of
adult patients in the European Union. They calculated that the
social cost of lost productivity in the EU amounts to more than
€ 2 billion per year.

In Japan, Arima et al. [113] compared 634 individuals with
self-diagnosed atopic dermatitis with 1268 matched controls.
The Japanese version of the work productivity and activity
impairment questionnaire was used to evaluate the respon-
dents. They showed that employed atopic dermatitis patients
reported significantly higher productivity loss than matched
controls (28.6% vs 22.4%). There was no significant difference
in absenteeism between the two groups.

Kim et al. [111] also calculated the indirect costs in the
adult working-age population with atopic dermatitis in
Korea. They found a mean of 4.5 days of work absence, and
3 days of early leave from work due to atopic dermatitis. The
estimated that the indirect costs were KRW1,507,068 (€1,055,
using the exchange rate of September 3, 2019).

5.4. Quality of life

Because of its variety of symptoms and its sometimes very
visible skin eruptions, atopic dermatitis can have a severe
impact on patients’ QoL. Drucker et al. [114] showed that the
impact of atopic dermatitis on the QoL is diverse, varying from
impaired social life to impact on the choice of clothing to
association with suicidal ideation.

Zuberbier et al. [112]. developed a questionnaire with
a section about health-related quality of life by using the 25-
item Quality of Life Index for Atopic Dermatitis (QoLIAD). It
was indicated that 11% of the adult patients feel discriminated
against because of their disease and 14% believe that their
career progression has been hindered. They conclude, as
a result of the QoLIASD questionnaire: ‘The main effect of
atopic dermatitis on the lives of adult patients stems from
embarrassment and not wanting to be seen in public, as
well as being restricted in the choice of clothes the patient
can wear and the unrelenting nature of the condition itself.

In Saudi Arabia, Abolfotouh et al. [115] assessed QoL inter-
viewing patients with skin disease using an Arabic version of
the Skindex-16 questionnaire. Of the eight skin-related diag-
noses represented among these patients, atopic dermatitis
was associated with the highest mean symptom domain
score. This indicates a high physical burden of disease.
Weisshaar et al. [116] compared the QoL of 132 German
patients with pruritus to that of 84 patients from Uganda.
The same questionnaire with 30 questions was handed to
the German patients and, after translation, to the Ugandan
patients. Results from this study suggest that the burden of
atopic dermatitis on QoL may be lower in African patients
than in European patients.
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Tsai et al. [117] state in their 2019 review data that available
data regarding the impact of atopic dermatitis on QoL in Asia
are limited. They conclude that atopic dermatitis is associated
with a significant burden within Asian countries with
a significant impact on QoL. They furthermore postulate that
a greater impact on QoL is observed in low-income countries
than in high-income countries.

Given direct study comparison is difficult due to the wide
variety of diagnostic methods, to estimate the burden of
atopic dermatitis on QoL globally we used the comparison
tool of the Institute for Health Metrics and Evaluation (IHME).

The leading cause of skin condition DALYs is eczema, when
looking across countries, ages, sex, and time. This is because of
the high prevalence worldwide and the relatively high average
disability weight [118].

In Figures 6 and 7 it is shown that the DALYs and YLDs
range from 52 (dark blue) to 280 (red). The YLDs (Years Lived
with Disability) have exactly the same range in atopic derma-
titis as the DALYs. Therefore, we can conclude that in the GBD
study no deaths because of atopic dermatitis are recorded.

6. FOOD ALLERGY

The role of food allergy in the atopic march has less been
studied in population-based studies than the role of the other
atopic diseases, presumably because it is less common [119].
On the other hand, numerous studies discuss the relation
between food allergy and asthma [120], allergic rhinitis [121],
and atopic dermatitis [10,122].

As with the other atopic diseases, Th2 cell seems to play an
important role. There are three different types of food aller-
gies: IgE mediated, , and a mixed form. The relation between
the different atopic diseases lies in the Th2 cells and the
effects of IgE [123].

6.1. Epidemiology

As with asthma, allergic rhinitis and atopic dermatitis, study-
ing the prevalence of food allergy is difficult because there is
no one way of diagnosing and recording it. There are many
ways of testing patients on food allergies, but the most com-
monly used tests are not very accurate. For example, the
frequently used IgE testing tests overestimate the food allergy
status of sensitized children with up to 50%. In adults and
children, double-blind and placebo-controlled food chal-
lenges remain the gold standard for diagnosing food allergy.
Unfortunately, these food challenges are time-consuming and
costly [119]. Turnbull et al. [124] showed that 20% of the
population believe that they have adverse reactions to food,
but estimates of true IgE-mediated food allergy may only be
prevalent in 4-7% of the population. Furthermore, it has been
shown that food allergies, especially if caused by peanuts or
tree nuts, are rare but more common in children, can be life-
threatening and should be distinct from food intolerances. In
a systematic review on the prevalence of plant food allergies
(1990-2006) Zuidmeer et al. [125] concluded: ‘population-
based studies of good quality to determine the true preva-
lence of food allergy are not currently available for most
countries of the world.’

In infants, cow’s milk and egg allergy are the most com-
monly reported, although up to 50% of the young children
gained tolerance within 1 year after diagnosis [126,127]. In
older children and adults, seafood is most reported in Asia
and peanut and other nuts allergy are commonly reported in
Australia, Western Europe and the United States [128]. In 2005,
the EU-funded multidisciplinary-integrated project EuroPrevall
was launched [129]. Surveys in this study were nested with
case-control studies, studying children 7-10 years old and
adults 20-54 years old. The study focused on IgE mediated
allergies to a number of foods. The studies were undertaken in
eight centers representing different social and climatic regions
in Europe. This study was performed in three stages: 1: screen-
ing survey (short questionnaire), 2: case-control study (longer
questionnaire and blood sample), 3: full clinical evaluation
(including double-blind placebo-controlled food challenge).
Lyons et al. [130] reported from this project that in stage 1
(n = 30,420) the self-reported prevalence of a food allergy
varied from 1.7% in Vilnius to 37.7% in Zurich. In stage 2, the
prevalence of probable food allergy varied from 0.3% in
Athens to 5.6% in Zurich. In stage 3, too few challenges
were performed to estimate the prevalence of confirmed
food allergy.

Using the same EuroPrevall methodology, Mahesh et al.
[131] performed a screening study with 11,791 randomly
selected participants in South India. In total, 26.5% had a self-
reported food sensitization. In stage two, 1.2% had a probable
food allergy to 1 of the 24 common foods.

Nwaru et al. stated in 2014 that evidence indicated that the
lifetime prevalence of self-reported food allergy in Europe is
around 17%. The prevalence seems to be the lowest in
Southern Europe. In this systematic review, the incidence of
food allergy seemed to be stable in time. The prevalence may
be increasing yet they state that ‘caution is required due to
the heterogeneity among the studies suggesting important
methodological and diagnostic differences within and across
geographical regions of Europe [132].

Loh et al. [133] show the difficulties in comparing prevalence
in different countries when there is no one standard way of
reporting. They also showed the inaccuracy of self-reported food
allergy as a measure of true prevalence. This said, in this study
some prevalence rates in low-income countries are presented:
East Asian countries 3.4-7.0%, Ghana 11%, Africa 5-19%.
Furthermore, they showed an increase in prevalence in the last
two decades of food allergy in almost all countries.

Wang et al. [134] conducted a cross-sectional epidemiolo-
gical survey (n = 4441) in Inner Mongolia, Northern China.
They show a higher prevalence of self-reported food allergy
in children (38.7%) than in adults (11.9%). There was
a significant difference in the prevalence of food allergy
between rural (14.6%) and urban areas (21.4%).

Sicherer et al. [135] also mention the fact that the vast
majority of recent studies only present the prevalence in
(young) children. They show that there is a strong impression
that the prevalence of food allergy is increasing. For example,
in the U.S. an increased from 3.4% in children in 1997 to 5.1%
in 2009, in a Chinese study from 3.5% in 1999 to 7.4% in 2009.

In the U.S, according to Verrill et al. [136], the self-reported
prevalence of food allergy increased from 9.1% in 2001 to
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14.9% in 2006 and 13% in 2010 (n > 4000). On the other hand,
in the same cohort the physician-diagnosed food allergy did
not significantly increase; 5.3% in 2001, 7.6% in 2006 and 6.5%
in 2010.

Differences in prevalence of food allergy across countries
seem plausible, yet the prevalence studies are often difficult to
compare. In their meta-analysis, Rona et al. concluded: ‘There
is a marked heterogeneity in the prevalence of food allergy
that could be a result of differences in study design or meth-
odology, or differences between population [137].

6.2. Direct healthcare costs

Estimating the direct healthcare costs of food allergy is even
more complicated than in asthma, allergic rhinitis, and atopic
dermatitis due to the variety in types of foods and severity of
this disease. A child with a systemic food allergy to peanut,
with anaphylactic reactions and hospitalization, has a totally
different scope of costs than an adult with Pollen Fruit
Syndrome who gets an itch when he eats an apple. Of course,
there is an overlap with costs made for especially atopic
dermatitis but also for asthma and allergic rhinitis.

Most studies conducted present costs of food allergy in
children. Only very few studies present the costs in adults.

Jansson et al. [138] included 81 adults with a positive food
challenge or with IgE levels associated with a 95% probability
for food allergy and a convincing history of allergy to cow’s
milk, hen’s egg, or wheat. Patients with a history of anaphy-
laxis had significantly higher costs compared with cases with-
out a history of anaphylaxis. The number of offending foods
did not significantly impact total costs. Annual direct costs did
not differ significantly between cases and controls. Food
allergy severity, but not the number of food allergies signifi-
cantly impacted direct costs.

Fox et al. [139] studied the costs of food allergy in nine
European countries, using the EuroPrevall methodology.
They showed that adults with a food allergy had higher health
costs in (152016) than their controls (151089). A similar result
was found for adults in each country and for children.
Furthermore, they showed that cost was significantly related
with severity of the disease.

In the U.S., Patel et al. [140] identified patients with food-
induced allergic reactions from a list of federally administered
2006 and 2007 databases. Direct costs were estimated by
calculating the average cost of treatment of the illness and
multiplying it by the prevalence. In this way they estimated
the direct medical costs in 2007 to be 225 USD million, 52.5%
of these costs were caused by office visits, 20% by emergency
visits, 11.8% by in-patient hospitalization, 3.9% by out-patient
visits, 3% by ambulance runs, and 8.7% by epinephrine
devices.

6.3. Indirect cost: absenteeism and presentism

In food allergy, only very few studies have been conducted
studying work absence and loss of productivity. Most studies
that are conducted present the impact of food allergy on the
productivity of parents of affected children.

Patel et al. [140] quantified indirect costs of food allergy in
the U.S. by estimating lost productivity caused by absenteeism
and mortality of patients or caregivers. In this study, absentee-
ism for in-patients was defined as their length of stay. For an
outpatient visit, an absence of 1 day was estimated. In case of
food allergy in children, an absence of 1 day was assumed for
one parent acting as caregiver. The lost days of work were
multiplied with the mean wage of a lost day. In this way,
indirect costs of food allergy in the U.S. in 2007 were esti-
mated at 115 USD million.

Jansson et al. [138]. showed that patients with a true food
allergy had much higher indirect costs. Also, indirect costs
were significantly higher for households with a food-allergic
adult vs households without a food-allergic adult. Specifically,
more time was spent on performing domestic tasks due to
a family members’ food allergy.

Bilaver et al. [141] conducted a systematic review of 11
studies (studies of Pavel and Jansson were included). They
showed that patients had high food allergy-related direct
costs ($2,081), but even higher indirect costs on house-hold
level ($4,881). In their discussion, they stated that this is the
first systematic study that reviews the literature on the eco-
nomic burden of food allergy; ‘further research using standar-
dized instruments and methods is necessary to fully
comprehend the economic effect of food allergy.’

6.4. Quality of life

In the last decade, disease-specific health-related QoL ques-
tionnaires have been developed in the field of food allergy
[142-145]. These questionnaires are able to measure the
ongoing psychosocial burden of food allergy, which differs
from measuring QoL in chronic diseases with ongoing symp-
toms. Food allergic patients experience only symptoms when
they ingest the food to which they are allergic to, otherwise
they have no symptoms. However, food-allergic patients need
to be constantly vigilant to the foods they ingest in all kinds of
(social) situations. The impact of food allergies on QoL may
differ between patients. Not only the severity of the food
allergy, and therefore the impact on quality of life, can be
very different, also the different types of foods that need to be
avoided have a different impact on quality of life. Most studies
have been conducted in children or their parents and some in
adults.

Recently, Greenhawt [146] reviewed multiple studies from
the US, Europe, and Australia and showed the diverse relation-
ships between food allergy QoL and allergic comorbidity,
severity, treatment, and health status. In addition, food allergy
QoL has become an important outcome to demonstrate the
effect of the recent clinical trials on potential therapies for
food allergy. However, Greenhawt states that beyond these
potential therapies, the field lacks specific tools to repair QoL
in patients with food allergy.

In their review study Dunn Galvin et al. [147] analyzed the
impact of food allergy on children’s, teenagers’ and parents’
QoL. They did not study the impact on adults. Overall the
findings suggest that food allergy has a strong impact on
the quality of life, especially on a social, dietary, and psycho-
logical level.
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Although the gold standard for diagnosing food allergy, the
double-blind and placebo-controlled food challenge is viewed as
time-consuming and costly [119], Kansen et al. [148] showed in
their review that it significantly improves QoL. This improvement
in QoL was seen in children, teenagers, parents, and adults.
Interestingly, QoL also improved after a positive food challenge
(food allergy confirmed). However, as can be expected, the
biggest improvement in QoL was seen after a negative food
challenge (food allergy refuted).

7. Discussion

In this review, we provided a narrative overview of the pre-
valence as well as the socio-economic impact of allergic dis-
eases. Globally, asthma prevalence in adults ranges from 1 to
20%, allergic rhinitis ranges from 1 to 18%, atopic dermatitis
ranges from 2 to 10% and food allergy ranges from 1% to 2%
(prevalence of self-reported food allergy in adults varies from
2% to 37%). While these prevalence estimates varied widely
and were mainly focusing on adults, it should be acknowl-
edged that the prevalence of allergic diseases in children is
generally even higher. Asthma, allergic rhinitis, atopic derma-
titis, and food allergy have a serious impact on quality of life,
direct and indirect costs. Regarding indirect costs, particularly
work productivity is negatively affected, mostly due to
presenteeism.

7.1. Interpretation

In this review, we showed that asthma, allergic rhinitis, atopic
dermatitis, and food allergy are globally highly prevalent.
Furthermore, these diseases not only have a severe impact
on quality of life, but also on work productivity. Indeed,
because of their high prevalence, their frequent co-
occurence and their economic burden, the combined overall
socioeconomic burden of these allergic diseases is consider-
able. Although some studies indicated a significant impact of
allergies on work productivity, we could not find studies
showing the effect of proper allergy care on the patients’
productivity. Some studies show a relation between the sever-
ity of the symptoms and the impact on productivity, but only
a limited number of studies assessed the effects of inadequate
management [28,149]. Direct costs and indirect costs seem
significant, yet the relation between these two is understu-
died. It would be interesting to study work productivity and
quality of life in groups of patients with allergy, then optimize
the management of their diseases and subsequently evaluate
the effect of improved management on work productivity. We
think this would strengthen the case that health-care
expenses should not only been seen as a cost, health care
should rather be seen as an investment. We hypothesize that
every dollar that is spend on optimizing allergy, health care
save multiple dollars in prevented productivity loss.

7.2. Limitations

For this narrative review, we did not follow a systematic
search methodology. We only used one medical database
(Pubmed) and used a snowballing strategy to identify

additional relevant studies by checking reference lists of iden-
tified articles. Because of this non-systematic methodology,
we have to consider the possibility of missing studies. Also,
there was large heterogeneity in study design, methods, mea-
sures, and outcomes making studies difficult to directly com-
pare. For example, for asthma, allergic rhinitis, atopic
dermatitis and food allergy there is no one formal definition
of these diseases. There are many ways they are diagnosed
and even more ways of recording. The studies we cited are,
therefore, only partly comparable. Comparability globally is
difficult, because most studies are from Europe and the
United States. There are quite a few studies from Asia, but
studies from the rest of the world are scarce. Yet, we feel that
the robustness of our conclusions is strengthened by the fact
that there were no large differences in the overall conclusions
of the individual studies.

7.3. Recommendations

The ISAAC studies show how relevant it is to have a uniform
way of diagnosing and recording diseases. Yet, the ISAAC
studies only included children up to 14 years of age. It
would be of great importance to study the prevalence rates
of allergies in adults in the same way.

Drucker et al. [150] postulated in 2016 that there are still
quite a few research hiatuses in quality of life and economic
burden of atopic dermatitis. They propose a systematic way of
identifying and reporting these research gaps. Indeed, we
recommend future studies to systematically identify and
address research gaps in the socioeconomic impact and qual-
ity of life in asthma, allergic rhinitis, atopic dermatitis, and
food allergy. Furthermore, given the limited data on food
allergy, more studies on this allergy are required. Also, more
studies, especially performed in Africa and South America are
recommended. Recently, an increasing number of studies on
allergic multimorbidity have been performed [151-154].
Future original studies as well as more focused systematic
reviews on the effect of this multimorbidity on the burden of
these diseases, especially on presenteeism and absenteeism
are recommended. Lastly, we recommend studying the effect
of introducing new therapies and optimizing existing thera-
pies on especially the work productivity of patients with
allergies.

8. Conclusion

Allergies, including asthma, allergic rhinitis, atopic dermatitis,
have a high global prevalence and severely impact on the
quality of life of patients. For food allergy, this is particularly
the case in children. Furthermore, although the global variety
is considerable, these diseases are responsible for high direct
and indirect costs.

9. Expert opinion

In this review, we made clear that atopic diseases are globally
prevalent, co-occur frequently, are costly to healthcare sys-
tems, and have large additional societal costs due to lost
work productivity. However, comparing the available evidence
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highlighted that research methods are not uniform, in parti-
cular concerning methodologies for allergy diagnosis and out-
come measurement. Notably, allergy-related outcomes such
as quality of life, direct costs, and indirect costs (especially
presenteeism) should be presented in a more standardized
format. Using these outcomes together allows studying the
burden of allergic diseases. Yet, in the absence of consensus
on outcomes, studies can hardly be compared, and therefore
the value of additional burden of disease studies is limited.
One may wonder why these burdens of disease studies are
so important. The main rationale for performing burden of
disease studies is not only to show the negative effect for
a patient of having a particular disease. These kinds of studies
are important because they can show the impact of diagnos-
ing and treatment of particular diseases on health-care sys-
tems in a country or even on society as a whole. Subsequently,
targeted and cost-effective interventions can be selected and
promoted that reduce this impact. For allergic diseases, this
means, for example, investing in interventions that focus on
allergen exposure reduction, targeted case-finding or optimiz-
ing medication prescription and patient adherence.
Furthermore, burden of disease studies can give an insight
on which diseases require relative prioritization from a policy
perspective. Given governmental healthcare budgets are fixed
and money can only be spent once, the allergy community
needs to generate compelling evidence on societies’ invest-
ment case for allergy interventions, focusing on those with the
highest return on investment. Indeed, in most countries health
care seen as a cost. Burden of disease studies is used to
showcase the cost of diagnosis and treatment. Rather than
considering these as costs, diagnoses- and treatment-related
expenditures can be conceived as ‘investment.’ If we know the
burden of disease, we can estimate the effect of treating
a disease and therefore we can estimate the ‘return on invest-
ment’ of the money spent on diagnosing and treating
a disease. As such, the allergist community should promote
the use of cost-effectiveness and budget impact analyses
alongside clinical effect studies of promising interventions.
Also from this point of view it is of the upmost importance
that we have agreement on which outcomes we find important,
and how they are studied. In particular, consent is needed on
how these properties are measured, which indices and which
questionnaires are used. There should be agreement that for
multiple subsequent years the same methods are used, prefer-
ably on an international scale. Fortunately, some multi-country
initiatives (ISAAC, EuroPrevaLl) used uniform methodologies so
that current and future results can be better compared. Another
notable example has been set for asthma, for which a US
National Institutes of Health (NIH) workshop has been resulted
in set of core (required in future studies), supplemental (used
according to study aims and standardized) and emerging (requir-
ing validation and standardization) outcomes for asthma studies
[155]. Yet, while these recommendations are in place for some
time, adherence to these recommended outcomes remains chal-
lenging [156]. Moreover, for allergic rhinitis, atopic dermatitis,
and food allergy we are not aware of such recommendations
being in place at all.
Beyond allergic diseases, a more general issue exists and
that is that significant differences in the cost (distribution) of

health care countries exist depending on care organization
and where the care is provided (e.g. primary versus secondary
care). Additionally, there are differences in the way these costs
are reimbursed, i.e. how much are out-of-pocket expenses and
how much is covered by insurance. This further affects com-
parability of health economic studies. Numerous ways are
applied to make it easier to compare countries in economic
studies, inclusive the use of international dollars and purchas-
ing power parities (PPPs) for monetary outcomes. Yet, issues
remain. For example, PPPs may not reflect relative purchasing
powers in the healthcare sector.

How to move forward? Some years ago, Pam Woodall,
a reporter for the Economist, introduced the Big Mac index as
a way to compare the real value of money in different countries.
This index indicates what a Big Mac costs in a country, and this is
compared to the official exchange rate. As such, one can estimate
the impact of this exchange rate. In allergy and other medical
costs studies, we should maybe think of our own Big Mac Index by
using some kind of anchor (e.g. the cost of a certain medicine,
diagnostic test or care episode divided by the costs of monthly
rent or daily food expenses). This would result in a more uniform
way of presenting the real costs to a local patient population in the
context of its setting. This index should represent the economic
burden of allergy holding the unique aspect of each healthcare
and economic system in each country into account, inclusive the
concept of these costs being merely an investment.
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