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Learning Objectives: This article reinforces the reader’s knowledge of the
epidemiology of allergy and asthma in eastern versus western European countries
and the ability to recognize the different hypotheses formulated to explain the rising
trend of allergic asthma in Europe.

Data Sources: Articles in English comparing the epidemiology of allergy in
eastern versus western Europe published before December 31, 2000.

Results: Significant higher prevalences of atopy and allergic asthma were ob-
served in the early 1990s among populations living in western compared with
eastern European countries. Changes in lifestyle after the fall of the communist
system were associated with an increasing trend of atopic sensitization and hay fever
in former East Germany after only 6 to 8 years after the Germany reunification. It
has been hypothesized that a similar “converging” trend in the prevalence of allergic
asthma and of bronchial hyperresponsiveness may take longer periods.

Conclusions: The prevalence of allergic asthma has increased decades earlier in
western Europe with respect to eastern Europe. This is probably attributable to
changes in lifestyle that had already occurred rather than to air pollution. The factors
of a western lifestyle (diet, hygiene, varied allergen exposure) that have determined
the difference in allergic asthma prevalence across Europe have yet to be identified.
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INTRODUCTION
Allergic asthma was very rare in Eu-
rope until the 20th century; thereafter it
became so frequent as to prompt the
term “postindustrial revolution epi-
demic.”1 Several studies have demon-
strated an increase in the prevalence of
asthma estimated with the same meth-
odology in cohorts born in different
years in various European countries:
United Kingdom,2–4 Finland,5 France,6

Italy,7 and Sweden.8 The rising trend is
part of a generalized increase in atopic
conditions characterized by mucosal
eosinophilic inflammation, allergic
rhinoconjunctivitis, and atopic eczema.
A clear example emerges from a study
conducted in Aberdeen (Scotland)
schoolchildren (8 to 13 years) who
were administered the same question-
naire in 1964, in 1989, and in 1994.9,10

The prevalence of asthma increased
from 4.1 (1964) to 10.2 (1989) to
19.6% (1994). Similarly, hay fever in-
creased from 3.2 to 11.9 and to 12.7%,
and atopic eczema from 5.3 to 12.0 to
17.7%, which is indicative of an un-
derlying increase in susceptibility to
atopy.9,10

Epidemiologic Studies Comparing
Eastern with Western European
Countries
This epidemic trend was not observed
to the same extent in eastern European
countries. In the pioneering studies by
Von Mutius et al,11,12 the prevalence of
atopy or asthma was examined among
9- to 11-year-old children living in
former West Germany (Munich, n �
5,030) compared with East Germany
(Leipzig and Halle, n � 2,623): atopic
sensitization (West vs East) was 36.7%
versus 18.2% (odds ratio [OR] 2.6;
P � 0.0005); current asthma was 5.9
versus 3.9 (OR 1.5; P � 0.0005); cur-
rent hay fever was 8.6% versus 2.7%
(OR 3.4; P � 0.0005).11,12 Similarly,
among 10- to 12-year-old children liv-

ing in Sweden (rural Sundsvall), the
prevalence of atopic sensitization was
higher than in those living in Poland
(Konin) (24.2% vs 13.7%; OR 1.72;
P � 0.05).13 The prevalence of atopy-
related disorders was higher in Finland
and Sweden compared with Estonia,
Latvia, and Poland,14 or in Italy com-
pared with Albania.15 Conversely,
eastern Europe had a higher prevalence
of bronchitis when compared with
western Europe.11

Converging Trend after the Fall of
the Communist System
In the 1990s, populations living in
eastern Europe started to progressively
change their lifestyle, by assimilation
of several aspects of a “western life-
style.” It was therefore anticipated that
this natural experimental model would
be useful to test the hypothesis that
westernization was linked to an in-
crease of atopic diseases.16 As ex-
pected, increases in the prevalence of
atopic sensitization and hay fever, but
not of asthma and bronchial hyperre-
sponsiveness, were observed in a
5-year period in Leipzig (former East
Germany).17 In keeping with these ob-
servations, the prevalence of atopic
sensitization and of hay fever among
9- to 11-year-old children was not
lower in Dresden (former East Ger-
many) than in Munich (former West
Germany) 5 years after the reunifica-
tion.18 However, the prevalence of
physician-diagnosed asthma and bron-
chial hyperresponsiveness was lower
in Dresden than in Munich.18 These
observations suggested that either en-
vironmental factors influencing atopy
and hay fever differ from those causing
allergic asthma, or that unknown fac-
tors linked to westernization must ex-
ert their influence very early in infancy
to cause asthma later in life.17,18
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HYPOTHESES ON THE CAUSES
OF WEST VERSUS EAST
DIFFERENCES
The causes of the rising trend of
asthma must be identified to devise
primary prevention strategies and new
therapeutic approaches. Thus far, the
epidemic trend has been attributed to
pollution,19 diet,20 allergen exposure,21

and hygiene.22,23 The different preva-
lences of allergic asthma in western
and eastern Europe is a valuable para-
digm for investigations of the epidemic
trend of the disease.

Pollution
Pollution was considered an inducer of
allergic sensitization and allergic
asthma, especially after the report by
Ishizaki et al24 that sensitization to ce-
dar pollen was more frequent among
the residents of an area exposed to
automobile exhaust than among the
residents living in a cedar forest with
less intense automobile traffic. Pollen
grains dispersed in a polluted atmo-
sphere can interact with other sus-
pended substances and facilitate the
capacity of pollen allergens to induce
immunoglobulin E sensitization.19,25,26

Thus, pollutants can influence the
way a pollen, once inhaled, is pro-
cessed. In particular, T cell responses
to major allergen proteins may be
skewed in a type 2 T helper cell direc-
tion in the presence of pollutants such
as diesel exhaust particles (DEP).27

This hypothesis and its corollary that
pollution may be responsible for the
epidemic trend of allergic asthma was
challenged by studies performed in
Germany after reunification.11 Popula-
tions living in heavily polluted areas in
the former East Germany (Leipzig)
had a lower risk of developing allergic
asthma compared with those living in
the former West Germany (Munich).
However, only levels of sulfur dioxide
and total suspended particles were
higher in Leipzig, whereas DEP were
more abundant in the Munich atmo-
sphere.11 It was therefore proposed that
the “eastern” (or type I) kind of out-
door pollution (more sulfur dioxide
and total suspended particles) could
cause respiratory infections and symp-

toms of irritation, whereas the “west-
ern” kind (or type II) of pollution
(DEP, ozone, and nitrogen dioxide)
could be linked to allergic sensitization
and respiratory allergies.19 The alterna-
tive hypothesis was that other factors
linked to a western lifestyle were re-
sponsible for the higher prevalence of
atopy and asthma in West Germany,
and that pollution could act mainly as a
trigger or an aggravating factor in sus-
ceptible patients.28

Allergen Exposure
In Munich, children were more fre-
quently sensitized not simply to one
allergen, but to almost all the allergens
used in the screening procedures: mite,
cat, mixed grass pollen, birch pollen,
and hazel pollen.11 This suggests that
allergen exposure was probably not a
critical factor determining differences
in the prevalence of sensitization. In
principle, one could not exclude that
West German children were more ex-
posed to mite or cat allergen, but major
differences in exposure to grass, birch,
and hazel pollens were very unlikely.
Some years later, Hirsch et al29 tested
the hypothesis that low indoor expo-
sure to house-dust mite (HDM) aller-
gen in East Germany had contributed
to the lower prevalence of allergic
asthma. They found that the mean con-
centration of HDM group I allergen in
mattresses and carpets of 634 East
German dwellings was 2.16 �g/g and
0.48 �g/g, respectively, shortly after
the reunification of Germany. These
values did not differ significantly from
those obtained in West Germany using
similar methodologies. Consequently,
it was concluded that the differences in
prevalence of allergic asthma between
the two countries was not related to
HDM exposure.29

Diet
Westernization is characterized by pro-
found changes in dietary habits; thus, it
is conceivable that ingestants might be
implicated in changes in disease pat-
terns.20 Accordingly, the increasing
trend in allergy and asthma cases has
been attributed to: 1) increased salt
intake30; 2) decreased consumption of

antioxidants (eg, vitamin C)31; 3) bottle
feeding practices32; and 4) increased
consumption of vegetable oils (marga-
rine).33

An increased consumption of mar-
garine as opposed to fats of animal
origin (butter) after reunification has
been implicated in the “converging”
trend in the epidemiology of atopy and
hay fever between the two Germanys.17

An ecologic association between the
consumption of trans fatty acids and the
prevalence of childhood asthma has also
been recently reported.33

Similarly, decreased consumption of
antioxidants such as vitamin C in the
diet has been considered a potential
cause of atopy and asthma epidemic in
western Europe.31,34 A large Italian
study has recently identified an associ-
ation between the intake of fresh fruit
rich in vitamin C and wheezing symp-
toms in children.35

Hygiene
A higher prevalence of allergic asthma
has also been attributed to changes in
interactions between humans and the
microbes of their ecosystem inherent
in the western lifestyle.22,23 In modern
societies, allergies spread among new
cohorts according to gradients dictated
by hygiene and by the individual de-
gree of genetic predisposition to atopy.
Collectively, these concepts are known
as the “Hygiene hypothesis.”22,23 This
theory, unlike others (pollution, in-
creased allergen exposure, nutrients),
explains the epidemic in evolutionistic
terms,36 and its biologic plausibility is
supported by an overwhelming amount
of in vivo and in vitro evidence.23,37

This theory has been challenged by con-
flicting data and some inconsistencies,
discussed in detail elsewhere.38 The dif-
ferences in the prevalence of allergic
asthma between western and eastern
Europe represent a valuable opportu-
nity to investigate this hypothesis.

The composition of intestinal micro-
flora was very different in infants liv-
ing in European countries with a low
(Estonia) versus a high (Sweden) preva-
lence of atopy. Lactobacilli and Eubac-
teria predominated in the intestinal mi-
croflora of Estonian infants, whereas
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Clostridia occurred more frequently in
Swedish infants.39 It was also observed
that allergic 2-year-old children were
colonized less often by Lactobacilli
and harbored higher counts of aerobic
bacteria (coliforms, Staphylococcus
aureus) than nonallergic children.39 This
suggested that bacteria colonizing the
gastrointestinal tract may modulate the
tendency to atopic sensitization to air-
borne allergens, and that differences in
microbial composition in intestinal mi-
croflora may be a critical factor in the
higher prevalence of allergic asthma in
western versus eastern Europe.39

Individuals who have been reared in
poor hygiene conditions can be identi-
fied from the presence of infectious
agents in their serum (eg, hepatitis A
virus). Using this strategy, we found
that poor hygiene was inversely asso-
ciated with respiratory allergies in a
group of Italian military cadets.40 The
inverse association between atopy and
hepatitis A virus antibodies was con-
firmed in a general population sam-
ple.41 It was also observed that atopy
was inversely related to other orofecal/
foodborne infections (Toxoplasma
gondii and Helicobacter pylori), but
not to a series of airborne viruses.42

Thus, a high turnover of microbes at
mucosal surfaces, including the gut,
may “train” our mucosal immune sys-
tem to interact safely with nonmicrobial
antigens.42,43 An ecologic association
between the prevalence of antibodies
against hepatitis A virus and atopy or
allergic asthma has never been inves-
tigated. However, it is interesting to
note that in Albania, the European
country with the lowest prevalence of
asthma (according to International Study
of Asthma and Allergies in Childhood
phase I studies), the prevalence of po-
sitive serology for hepatitis A virus
among adults is well over 80% (A.
Priftanji, personal communication, De-
cember, 2000).

CONCLUSION
Questions raised by the epidemiologic
trend of allergic asthma across Europe
still wait for precise answers. Avail-
able data tend to support the hygiene
and the diet hypotheses over other hy-

potheses. However, information com-
ing from Europe should be interpreted
in light of information arising from
epidemiologic studies on allergies and
asthma performed in non-European
countries. Interestingly, rising trends in
severe asthma cases have been ob-
served in poor, and presumably less
hygienic, urban areas of US cities (“in-
ner-city asthma”).44 In contrast, serum
immunoglobulin E responses toward
airborne allergens are not infrequent in
rural, unhygienic areas of developing
countries, where helminths are highly
prevalent.45 Therefore, hypotheses that
may explain geographical patterns of
allergic diseases and asthma in Europe
may be challenged by data coming
from non-European populations.40
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