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The prevalence of allergic diseases shows a well-documented increase in developed

countries over several decades. Currently, 20-25% of European adults are affected.
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In developed countries, allergic respiratory disease (ARD)
has shown an increasing trend over the past five decades.
This was first observed in self-reported studies using ques-
tionnaires and interviews about symptoms of allergic rhinitis
and asthma. The rise in ARD was particularly dramatic in
the 1990s, as seen in three large questionnaire-based studies,
conducted from 1989 to 2006 in adults in Copenhagen, Den-
mark (1, 2). The increase in allergic rhinitis was not attrib-
uted to an increase in awareness of ARD in the general
population or among doctors, or to changes in diagnosis cri-
teria, because the findings were confirmed by objective mea-
sures in clinical studies on the general population in
Denmark. These studies defined allergic rhinitis as a combi-
nation of relevant symptoms and objective allergy IgE sensi-
tivity determined by skin prick test and blood tests against
aeroallergens. The 1998 report found that 21.2% of young
adults in Copenhagen had allergic rhinitis. The most recent
survey from 2006, conducted in the same manner and using
the same criteria, shows a continued increase in allergic rhini-
tis that is possibly beginning to plateau (3, 4).

The 20% prevalence of allergic rhinitis was confirmed by a
similar study in eight European countries (5) that indicated
that allergic rhinitis is probably the most common disease in
young adults. The study also demonstrated that allergic rhini-
tis is underdiagnosed, with 31% of young adults unaware of
their allergic status. The condition is also undertreated, with
47% of allergic subjects receiving no treatment in the previ-
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Westernisation, urbanisation, and affluence contribute to allergy development, so
allergy is expected to increase in developing countries in the future. Identifying pri-
mary causes, developing new therapies, and increasing treatment access may inter-
rupt the allergic epidemic.

ous 2 years. Although the increase in ARD prevalence may
be becoming less dramatic in Europe, the prevalence in devel-
oping countries is predicted to increase, based on factors dis-
cussed later.

Impacts and implications of the allergy epidemic

Globally, ARD has an enormous societal and individual
impact. The direct costs of moderate-to-severe allergic rhinitis
were estimated at 343 Euros per year per patient (6), for ser-
vices such as primary and secondary health care and pre-
scription medicines. Indirect costs such as sick days from
work were estimated to be even greater, at 547 Euros per
patient per year.

A study of 47 occupational settings and covering more
than 8000 employees in the United States found that employ-
ees reporting allergic rhinitis symptoms had an average of
52 days per year of symptoms, resulting in 3.6 days per year
of absence from work. In terms of productivity loss, allergic
rhinitis was estimated as the most costly disease, above other
candidates including stress and cardiovascular disease (7).

At the patient level, ARD also has serious implications.
Although doctors may tell patients they may ‘outgrow’ their
allergy, a study following children to age 22 found that the
rate of sensitization increased throughout childhood (8). A
prospective followup study in Copenhagen that followed 174
ARD patients with pollen sensitivity for 8 years found a
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remission rate of only 15%, with 98% of patients still having
a positive pollen allergy test at the end of the follow-up per-
iod (9). Therefore, for a majority of people with allergic rhi-
nitis, the disease takes a chronic course.

Allergic rhinitis is strongly linked to asthma. The §-year
Copenhagen study found that people with allergic rhinitis
who were asthma free at the beginning of the study had a
risk of developing asthma over the 8 years of the study that
was 8-46 times higher than in people without allergic rhinitis
(10). People with one allergy had an increased risk of devel-
oping additional sensitivities. For example, patients with
grass allergy were found to have a 12 times higher risk of cat
allergy over the 8-year study than patients with no other
allergies. A similar pattern was seen for other allergens.

Why is allergy increasing?

With decades of questionnaire-based and objectively assessed
data on ARD, the trend of increasing prevalence is clear, and
the economic and clinical effects are documented. Many
hypotheses have attempted to explain the rise in ARD and
atopic diseases such as allergic rhinitis, asthma and atopic
dermatitis. Genetics and environment and their interaction
are clearly important, but lifestyle changes also contribute to
the development of allergy. Although the exact causes are
unknown, worldwide epidemiological observations show that
three factors are consistently associated with high atopic dis-
ease prevalence: westernization, urbanization, and affluence.
For example, Greenland has a native Inuit population that
until recently lived a traditional lifestyle with fishing and
hunting as the main occupations, in an environment with no
industry and few cars. As a more western lifestyle was
adopted in this population, diseases associated with global-
ization increased, such as diabetes, cardiovascular disease,
asthma, and allergy (11). Thus, from a global perspective, a
continuing increase in ARD may be expected, especially in
countries in Eastern Europe and Asia that are undergoing
westernization and urbanization and increasing affluence.
This suggests that, among other populations, 1.3 billion Chi-
nese may be entering the allergic march.

The factors that underlie the association of westernization,
urbanization, and affluence with allergic disease are under
investigation. Urbanization has the ability to induce large dif-
ferences in allergy prevalence, even in populations that are
very genetically homogeneous. For example, a study in
Greece (12) found that although rural area homes have
indoor cats and dogs at more than twice the rate of urban
area homes (58.8% rural prevalence vs 27.4% urban preva-
lence for cats; 50.3% rural prevalence vs 18% urban for
dogs), positive skin prick tests for cat and dog allergens were
more than twice as frequent in the urban areas than the rural
areas (5.2% urban prevalence vs 2.1% rural for cats; 3.2%
urban prevalence vs 1.5 rural for dogs).

How are these findings reconciled with the notion that
increasing doses of allergen increase the risk of allergy? Envi-
ronmental exposure is known to contribute to the develop-
ment of IgE sensitization and this has been the basis for
allergen avoidance recommendations for IgE-mediated aller-
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gic disease. However, this policy seems to be contradicted by
the finding that cat and dog allergies are more common in
urban areas, where homes have fewer indoor cats and dogs
than in rural areas, and similar results for other allergens
such as house dust mites were also obtained (2).

The bell-shaped curve

A plausible explanation for why exposure to allergens is
involved in IgE sensitization, yet lower pet allergy prevalence
appears to be associated with higher exposure to indoor pets,
is that the dose response between allergen exposure and risk
of allergy is not linear but bell-shaped (Fig. 1). This bell-
shaped curve hypothesis, also proposed by Dr. Patrick Holt
(13), states that the risk of sensitization is low when exposure
is in the lower allergen concentration range. At a certain level
of allergen, allergy begins to be induced, but at higher levels
of allergen, tolerance results. The level at which tolerance
occurs is determined by individual factors, including genetic
makeup. An individual with a higher personal risk of devel-
oping ARD requires a lower dose of allergen to develop
allergy (individual B in Fig. 1). Relevant to allergen-specific
immunotherapy according to this hypothesis, this person
would also require a higher dose of allergen to induce toler-
ance.

This hypothesis may explain many of the conflicting results
obtained in epidemiological and allergy avoidance studies. It
also suggests several areas of future research to determine
why individuals have different responses to allergen-specific
immunotherapy and what discriminates between the levels at
which tolerance is induced in individuals. This approach is
also known as personalized medicine.

In summary, more than 20% of adults in Europe suffer
from allergic rhinitis and the trends suggest that prevalence
will increase on a global basis. In the majority of allergic rhi-
nitis cases, the disease is chronic and confers greater risk of
asthma and additional allergies. This obviously poses both a
substantial challenge to the field of allergy research and treat-
ment development, to change the course of the disease.
Accessibility and diagnosis are key issues, with the need to

Dose-response curve for allergen
exposure and risk of sensitization ?

Individual B

Risk of allergy

Individual A

Dose of allergen exposure

Figure 1 Hypothetical dose-response curve for allergen exposure
and risk of sensitization. The red line shows the relationship for a
low-risk individual (A) and the blue line shows the relationship for a
high-risk individual (B).
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better identify those in need of treatment and introduce treat-
ments to broader populations. Currently, allergen specific
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immunotherapy is the only treatment capable of changing the

course of allergic disease. Nonetheless, recent findings on the

epidemiology of allergic rhinitis provide an opportunity to

change the course of the allergy epidemic, by investigating
novel risk factors within urbanization, westernization, and
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