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ABSTRACT: The European Community Respiratory Heath Survey (ECRHS) was the
first study to assess the geographical variation in asthma and allergy in adults using the
same instruments and definitions. The database of the ECRHS includes information
fromy140,000 individuals from 22 countries. The aim of this review is to summarize the
results of the ECRHS to date.

The ECRHS has shown that there are large geographical differences in the
prevalence of asthma, atopy and bronchial responsiveness, with high prevalence rates in
English speaking countries and low prevalence rates in the Mediterranean region and
Eastern Europe. Analyses of risk factors have highlighted the importance of
occupational exposure for asthma in adulthood. The association between sensitization
to individual allergens and bronchial responsiveness was strongest for indoor allergens
(mite and cat). Analysis of treatment practices has confirmed that the treatment of
asthma varies widely between countries and that asthma is often undertreated.

In conclusion, the European Community Respiratory Health Survey has shown that
the prevalence of asthma varies widely. The fact that the geographical pattern is
consistent with the distribution of atopy and bronchial responsiveness supports the
conclusion that the geographical variations in the prevalence of asthma are true and
most likely due to environmental factors.
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During the first half of the 1990s, information on
the variation in asthma prevalence, known or
suspected risk factors for atopy and asthma, and
information on the management of asthma in young
adults was collected in the European Community
Respiratory Health Survey (ECRHS).

The reason for undertaking the ECRHS was a rapid
increase in the prevalence of asthma that had been
reported from many different countries [1–4]. This
increase was over too short a time period to be
explained by genetic factors and must therefore have
been related to nongenetic or environmental changes.
Further evidence of the importance of environmental
factors in asthma was that studies comparing pre-
valence in urban and rural areas in developing
countries had shown large differences in asthma

prevalence [5–7]. Treatment patterns of asthma [8]
and asthma mortality [9] had been found to vary
considerably in Europe which raised the question of
whether the variation in mortality was due to
geographical differences in the prevalence of asthma
or differences in asthma fatality. Research directed
towards identifying the environmental factors that
explain this geographical variation in asthma was
required to identify potential strategies to counter the
global increase in the prevalence of asthma.

The information available on the variation in the
prevalence of asthma and allergy at the beginning of
the 1990s had been collected through several studies
using different protocols. The ECRHS was, therefore,
the first study that assessed the prevalence of asthma
and allergic disease in a large number of countries

Eur Respir J 2001; 18: 598–611
Printed in UK – all rights reserved

Copyright #ERS Journals Ltd 2001
European Respiratory Journal

ISSN 0903-1936



using an identical and standardized protocol. The
three main objectives of the survey were: 1) to estimate
the variation in the prevalence of asthma, asthma-like
symptoms, atopic sensitization and bronchial lability
in Europe; 2) to estimate the variation in exposure to
known or suspected risk factors for asthma, to
measure their association with asthma and to assess
further the extent to which they explain variations in
the prevalence across Europe; and 3) to estimate the
variation in treatment practice for asthma in the
European Community.

Prior to the study, a two-stage plan for analysis was
agreed in order to reduce the reporting of chance
associations arising from multiple hypothesis testing
based on the large combined ECRHS data set. Firstly,
data from one or several centres within one country
were analysed to examine potential risk factors for
disease within the country. After the result of this
analysis had been published, the analysis was then
repeated using the combined ECRHS data set.

A large number of researchers and field workers
from 22 countries have been involved in the study.
The database of the ECRHS includes information
on y140,000 participants, and over 100 papers on
different epidemiological aspects of asthma have been
published from the ECRHS. It is now 10 yrs since the
study began and the follow-up study, the European
Community Respiratory Health Survey II (ECRHS
II), has just started. It is therefore now an appro-
priate time to evaluate the results of the ECRHS so
far. The aim of this review is to summarize the results
of the ECRHS concerning variation in prevalence,
known or suspected risk factors and asthma treat-
ment. This review should be useful to all researchers
investigating the epidemiology of asthma, and also to
those interested in using the ECRHS data set in the
future.

Methodology of the study

The protocol of the ECRHS was published in 1993
[10] and in an abbreviated form in 1994 [11].
Participating centres selected an area defined by pre-
existing administrative boundaries with a population
of at least 150,000. When possible, an up-to-date
sampling frame was used to randomly select at least
1,500 males and 1,500 females, aged 20–44 yrs.

In stage I, subjects were sent the ECRHS screening
questionnaire asking about symptoms suggestive of
asthma, the use of medication for asthma, and the
presence of hay fever and nasal allergies.

In stage II, a smaller random sample of subjects
who had completed the screening questionnaire were
invited to attend for a more detailed interviewer-led
questionnaire, skin-prick test (SPT), blood tests for
the measurement of total and specific immunoglobulin-
E (IgE), spirometry and methacholine challenge. An
additional sample of subjects, who had not been
included in the random sample, but who had symp-
toms indicating asthma, were also invited to the
extended examination.

Questionnaires

The screening questionnaire and the interviewer-led
questionnaire were each developed from the ques-
tionnaire of the International Union Against Tuber-
culosis and Lung Diseases (IUATLD) [12, 13]. The
interviewer-led questionnaire contained, among other
items, questions on respiratory symptoms, self-
reported asthma and allergic disorders, smoking
habits, indoor environmental exposure, occupation
and asthma treatment.

Lung function and allergy testing

Forced expiratory volume in one second (FEV1)
and forced vital capacity (FVC) were measured with a
standardized method. In most centres the lung
function measurements were made with a Biomedin
Spirometer (Biomedin, Padova, Italy), but other
spirometers were used in some of the centres [14].

The methacholine challenge was carried out using a
Mefar MB3 dosimeter (Mefar, Brescia, Italy). The
methacholine was made up from lyophilized metha-
choline chloride (Provocholine, Hoffman La Roche,
Basel, Switzerland). In most of the analyses of the
complete data set, the ECRHS slope was used when
measuring bronchial responsiveness [15]. The ECRHS
slope was calculated by transforming the log slope
(the regression slope of percentage decline in FEV1

with log10 dose). The rationale for the specific
transformation used when calculating the ECRHS
slope (100/(log slopez10)) was to achieve uniform
variance and normality [16].

Skin-prick testing was carried out using Phazets
(Pharmacia Diagnostics, Uppsala, Sweden). The
allergens selected in all centres included: Dermatopha-
goides pteronyssinus, cat, birch, timothy grass, Parie-
taria judaica, olive, ragweed, Cladosporium herbarum
and Alternaria alternata. Each area could add up to
two additional allergens of local importance. Total
and specific IgE were measured (except in Melbourne,
Australia and in Aarhus, Denmark) in one single
laboratory using the Pharmacia CAP System (Phar-
macia Diagnostics, Uppsala, Sweden). In all centres
specific IgE was measured against D. pteronyssinus,
timothy grass, cat and C. herbarum. In most centres
specific IgE was also measured against a local
allergen. These local allergens were birch for northern
Europe, Parietaria for southern Europe and ragweed
for United States, Australia and New Zealand.

Quality control

The quality control programme has been described
elsewhere [10, 11]. Briefly, the programme included
training seminars before the study, quality control
visits to each centre once during the study, monthly
checks on nebulizer output and high performance
liquid chromatography in a central laboratory in
order to check the concentration of methacholine
solutions from different centres. An extensive pro-
gramme was also undertaken to check the locally
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entered data sets before including the data in the
central ECRHS database.

Results

Forty-eight centres from 22 countries participated
in stage 1 (table 1). At a later stage the ECRHS was
also conducted in centres in Canada and Poland, but
these data are, at present, not incorporated in the

main ECRHS database. The median response rate
was 78% (range 54–100%). The total number of
subjects that responded to stage 1 was 137,619.

Five centres did not participate in stage 2 and five
additional centres had to be excluded because of
unsolvable problems with checking or linking stage 1
and stage 2 data. The combined data set for stage 2
therefore included 38 centres from 18 countries
(table 1). The participation rate varied from 12–
90% (median 65%). The random sample of stage 2

Table 1. – Available data in the combined European Community Respiratory Health Survey (ECRHS) data set from the 48
centres that participated in the ECRHS

Country Centre Stage 1 Stage 2

Screening
questionnaire

Interviewer led
questionnaire

Methacholine
challenge

Specific
IgE

Iceland Reykjavik x x x x
Norway Bergen x x x x
Sweden Goteborg x x x x

Umea x x x x
Uppsala x x x x

Denmark Aarhus x x x x
Estonia Tartu x x x
The Netherlands Bergen op Zoom x x x x

Geleen x x x x
Groningen x x x x

Belgium Antwerp City x x x x
South Antwerp x x x x

Germany Erfurt x x x x
Hamburg x x x x

Austria Vienna x
Switzerland Basel x x x x
France Bordeaux x x x x

Grenoble x x x x
Montpellier x x x x

Nancy x
Paris x x x x

UK Cardiff x x x
Cambridge x x x x

Dundee x
Ipswich x x x x
Norwich x x x x

Ireland Dublin x x x x
Kilkenny-Wexford x

Greece Athens x x
Italy Pavia x x x x

Turin x x x x
Verona x x x x

Spain Albacete x x x x
Barcelona x x x x
Galdakao x x x x

Huevla x x x x
Oviedo x x x x
Seville x

Portugal Coimbra x
Oporto x

Algeria Algiers x
India Mumbai (Bombay) x x x
New Zealand Auckland x

Christchurch x x x x
Hawkes Bay x x x x
Wellington x x x x

Australia Melbourne x x x x
USA Portland x x x x

IgE: immumoglobulin-E; x: included in the stated country.
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comprised 18,811 subjects. A symptomatic stage 2
sample was included in 25 centres and comprised
2,998 subjects.

Over 100 papers have been published from the
ECRHS in English speaking journals, of which 20
have been based on analyses of the complete data set
(central analyses) and the rest from analyses of data
from one or several of the centres (local analyses)
(fig. 1). In addition there have been a large number of

papers published in languages other than English, but
these papers are not part of this review. The published
papers referred to in this review broadly fall into three
categories: variation in prevalence and incidence, risk
factors, and treatment practices.

Variation in prevalence

International and within country variation. The
geographical variation in respiratory symptoms,
asthma, allergic rhinitis, atopic sensitization and
bronchial responsiveness has been described in four
papers based on analysis of the combined ECRHS data
set [17–20] (table 2). An eight-fold variation in the
prevalence of wheeze and a four-fold variation in
the prevalence of nasal allergy [17] were found in the
analysis based on stage 1 data. A six-fold variation in
the prevalence of current asthma was found when
analysing stage 1 [17] or stage 2 data [20]. The
prevalence of respiratory symptoms and asthma was
found to be high in Australia, New Zealand, United
States, Ireland and the UK and low in Iceland, parts of
Spain, Germany, Italy, Algeria and India [17] (figs. 2
and 3).

Analysis of bronchial responsiveness showed an
eight-fold variation in bronchial hyperresponsive-
ness (BHR) (provocative dose causing a 20% fall in
FEV1 (PD20) ¡1 mg). The geographical distribution
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Fig. 1. – Published reports from the European Community Respira-
tory Health Survey. &: central; %: local.

Table 2. – Variation in the prevalence of respiratory symptoms, respiratory disease, sensitization, bronchial responsive-
ness, exposure and antiasthmatic treatment in the European Community Respiratory Health Survey (ECRHS)

Centres Median Range Reference

Symptoms
Wheeze 48 20.7 4.1–32.0 [17]
Waking with breathlessness 47 7.3 1.5–11.4 [17]
Waking with cough 48 27.9 6.0–42.6 [17]

Asthma and rhinitis
Current asthma (stage 1) 48 4.5 2.0–11.9 [17]
Current asthma (stage 2) 34 5.2 1.2–13.0 [20]
Nasal allergy and hay fever 45 20.9 9.5–40.9 [17]

Bronchial responsiveness
PD20 ¡1 mg 35 13.0 3.4–27.8 [18]
ECRHS slope (mean) 35 7.6 6.7–8.4 [18]

Allergic sensitization
Mite 35 20.3 6.7–35.1 [19]
Cat 35 8.5 2.7–14.8 [19]
Timothy 35 18.0 8.1–34.6 [19]
Cladosporium 35 2.4 0.3–13.6 [19]
Any allergen 35 33.1 16.2–44.5 [19]
IgE (geometric mean) kU?L-1 35 35.9 13.2–62.2 [19]

Exposure
Male smokers* 34 38 17–65 [14]
Female smokers* 34 33 14–52 [14]
Gas stoves 34 63.0 0–100 [21]
Cat ownership 35 20.1 3.7–68.6 [22]

Heredity
Asthma prevalence in parents 30 5.8 3.4–10.6 [23]

Treatment
Asthma medication (stage 1) 48 3.5 0.6–9.8 [17]
Inhaled bronchodilators 34 4.6 0.7–12.4 [20]
Inhaled anti-inflammatory drugs 34 2.8 0.3–8.2 [20]
Oral antiasthmatics 34 1.4 0.2–6.5 [20]

PD20: provocative concentration causing a 20% fall in forced expired volume in one second; IgE: immunoglobulin-E. *:
subjects with asthma excluded.
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of bronchial responsiveness (ECRHS slope) and BHR
fitted well with that for symptoms and asthma [18].
A wide geographical variation was also found when
investigating the prevalence of atopic sensitization
(specific IgE) [19]. A high prevalence was found in
Australia, New Zealand, United Kingdom and United
States, while the prevalence was low in Iceland,
Greece, Norway, Italy and parts of Spain (fig. 4).
The result of the analysis remained unchanged if
local allergens were added. A five-fold variation was
found in the geometric mean of total IgE but there
was no correlation between total IgE and atopic
sensitization [19].

The prevalence data from the International Study
of Asthma and Allergy in Childhood (ISAAC) [24]
was compared to the data from the ECRHS [25].
The prevalence estimates in the ECRHS were con-
sistently lower than the prevalence rates in the
13–14 yrs age group in the ISAAC study. There was,
however, generally a good correlation between the

prevalence of wheeze, asthma and eczema in the
ECRHS and the corresponding prevalence in the
ISAAC study.

In order to evaluate if the variation of prevalence of
respiratory symptoms between countries in the
ECRHS was related to cultural or linguistic differ-
ences, SUNYER et al. [26] analysed the validity of
reported respiratory symptoms in the interviewer-led
questionnaire using factor analysis. Differences in the
validity of questions using the term "asthma" was
found between some countries. Otherwise the result
of the analysis showed a good internal consistency
suggesting that the experience of reporting symptoms
is not affected by cross-cultural differences.

The wide variation in response was a concern to the
project management team, particularly for the estima-
tion and comparison of prevalence of symptoms,
atopy, bronchial responsiveness and diagnosed
asthma. This was addressed in two ways. In stage I,
data on age and sex of nonrespondents were available
from the sampling frame for almost all centres, and
information was collected on the number of mailings
to each responder before the questionnaire was
returned. From these data, models to predict symp-
toms of nonresponders were developed, and these
were used to estimate the effect of nonresponse on
reported symptom prevalence [17]. It was concluded
that differences in response rate between centres were
a relatively minor source of variation compared to
variation in the study as a whole.

Data from stage I were available for nonresponders
to stage II. This enabled prevalence of sensitization to
common allergens and the geometric mean of total
IgE to be estimated by centre, with adjustment for
nonresponse, based on outcome predicted by symp-
toms, age and sex [19]. The same approach was used
for bronchial responsiveness [18] and physician
diagnosed asthma [20]. In all papers the adjustment
had almost no effect on the ranking of centres, and
very little on size of effect in relation to between centre
variation.

Fig. 2. – Geographical variation of wheeze (having had wheezing
or whistling in the chest at any time within the last 12 months)
[17]. $:v20%; &: 20–25%; %:w25%.

Fig. 3. – Geographical variation of asthma (having an attack of
asthma in the last 12 months and/or currently taking medicine for
asthma) [17]. $:v4%; &: 4–7%; %:w7%.

Fig. 4. – Geographical variation of atopy (positive specific immuno-
globulin-E (IgE) against Dermatophagoides pteronyssinus, timothy
grass, cat and/or Cladosporium herbarum (w0.35 kU?L-1)) [19–30].
$:v30%; &: 30–35%; %:w35%.
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Urban-suburban differences. In Belgium the prevalence
of respiratory symptoms, asthma, atopic sensitization
and BHR were found to be higher in Antwerp City
than in suburban parts of southern Antwerp [27, 28]. In
Verona (Italy), the prevalence of asthma was also
found to be higher in urban than suburban areas [26].

East/West. Studies have shown that children from the
former socialist Eastern European countries have
lower prevalences of asthma and atopy than children
in Western Europe [30, 31]. At the time of the survey
there were no corresponding data on adult asthma and
atopy. NOWAK et al. [32] found that the prevalence of
respiratory symptoms, asthma, nasal allergy, atopy
and BHR was lower in Erfurt in former East Germany
than in Hamburg. Correspondingly, the prevalence of
asthma, nasal allergy and atopy was lower in Tartu
in Estonia than in Uppsala in Sweden [33, 34]. The
prevalence of wheeze and nocturnal respiratory
symptoms was, however, higher in Tartu than in
Uppsala [34].

In both studies, the difference in the prevalence of
atopy was found to be greater in later birth cohorts
than in earlier, indicating that change in childhood
exposure in the sixties and seventies in Western
Europe may explain the observed difference [33–35].
In Germany, a second stage 1 questionnaire was sent
out to a new random population sample 3–4 yrs after
the previous one. The result of this study showed that
the prevalence rates of wheezing, asthma attacks,
asthma medication and allergic rhinitis were stable in
Hamburg but increasing in Erfurt and approaching
those of Hamburg [36]. In a subsequent follow-up of
the German stage 2 sample, the prevalence of BHR
was found to have increased in subjects living in
Erfurt, while BHR remained unchanged in the group
of subjects from Hamburg [37].

Country of birth. The effect of immigration has so far
only been reported in one paper. In an analysis of data
from the Swedish centres, no difference was found in
the prevalence of atopic sensitization in subjects born
in the Nordic countries compared to those who were
not [38]. The prevalence of sensitization to mite,
ragweed and Cladosporium was higher and the
prevalence of sensitization to birch and cat lower in
subjects not born in the Nordic countries.

Incidence of asthma. As the ECRHS is a cross-
sectional survey, it was only possible to analyse the
incidence of asthma retrospectively. The incidence of
asthma was calculated from the reported age of the first
attack of asthma. SUNYER et al. [39] found that in
Spain, the incidence of asthma was higher in recent
birth cohorts than earlier ones. In a subsequent
analysis of the combined data set, the incidence rate
of childhood asthma (0–15 yrs) was found to vary from
1.3 in Germany to 6.7 in Australia [40] per 1,000
person-yrs. The corresponding variation in the
incidence of adult onset asthma was 0.3 in Belgium
and the Netherlands to 2.9 in Australia. Subjects born
in or later than 1966 had a two-fold higher risk of
having had asthma attacks than the cohort born

1946–1950. In most countries, the risk of asthma
increased progressively by birth cohort.

Risk factors

A summary of reported association in the ECRHS
between known or suspected risk factors and wheeze,
asthma, sensitization and bronchial responsiveness is
presented in table 3. These are all within centre
associations; only a few analyses have attempted to
address the explanation of between centre variation
[22, 41].

Age. The prevalence of wheeze and reported asthma
was negatively related to age in several analyses of local
data [42–45]. The prevalence of atopic sensitization was
also negatively associated with age. This was found in
analyses of local data [38, 46], as well as in an analysis
of the combined ECRHS data set [47]. The level of total
IgE was also negatively related to age [47]. As the
ECRHS is a cross-sectional study, it is not possible to
say whether these age-related differences in symptoms
and atopic sensitization and symptoms were related to
ageing or to a cohort effect.

Sex. Females have a higher prevalence of current
asthma than males in several of the local analyses
[48–50]. SUNYER et al. [39] found that females had a
lower risk of asthma with onset before 15 yrs of age but
a higher risk of adult onset asthma than males. In an
analysis of the combined data set, DE MARCO et al. [51]
found that the incidence of asthma was lower in
females than in males during childhood. After the age
of 15 yrs, females had an increased risk of incident
asthma which was at least partly explained by smaller
airway calibre (lower FEV1) in females than in males.
In several analyses of local data sets, females had a
higher prevalence of BHR than in males [32, 52–54]. In
one study, this sex difference was explained by
difference in airway geometry between females and
males [55], while in other studies the prevalence of
BHR remained higher in females, even after
adjustment of airway calibre [52, 53]. A higher risk
of sensitization to at least some allergens was found in
males than in females in several analyses of local data
sets [32, 38, 46, 56]. This was also confirmed in an
analysis of the combined ECRHS data set where JARVIS

et al. [47] found that males were more likely to be
sensitized to house dust mite and grass than females,
while no sex difference was found in sensitization to
cat. Total IgE was higher in males than in females.

Rhinitis. A higher prevalence of asthma in subjects
with reported nasal allergy was found in several
analyses of local data [43, 44, 49]. The association
between perennial rhinitis and asthma was analysed
using the combined ECRHS database [57]. Subjects
with perennial rhinitis were more likely to have current
asthma and BHR than subjects without perennial
rhinitis. The association between perennial rhinitis
and asthma remained significant after adjustment
for possible confounders such as atopy, and was found
in both atopic and nonatopic subjects [57]. Rhinitis
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was also found to be an independent risk factor for
onset of asthma when a subgroup of the Swedish
stage 1 participants answered a new screening
questionnaire, 3 yrs after the first one [58].

Allergic sensitization. Several investigations have
found an association between allergic sensitization
and asthma or BHR using local data sets [28, 32, 39, 49,
50, 52–54, 59–62]. Cat sensitization was found to be the
allergen most strongly associated with asthma and
BHR in Sweden and the Netherlands [50, 58, 60] while
in India, Belgium and the UK the association with
asthma or BHR was strongest for mite [28, 54, 59]. The
attributable risk of atopic sensitization for BHR was
found to be 19% in Sweden and 21% in Spain [50, 63],
while the attributable risk of atopy for current asthma
was 26% and 42% in Sweden and Spain, respectively
[50, 64]. In Spain, sensitization to Alternaria, olive,
timothy grass and cat were found to be independent
predictors for lower FEV1 after adjusting for smoking
and bronchial responsiveness [65]. Sensitization to
Alternaria was found to be a risk factor for severe
asthma in an analysis of data from two French centres
[66].

The association between allergic sensitization and
bronchial responsiveness was studied in one analysis
of the combined ECRHS data set [67]. Sensitization
to mite, cat and timothy grass explained 1.4–12.7%
of the total variation in bronchial responsiveness

in the different centres. The variation of bronchial
responsiveness was better explained by taking account
of all the individual allergens than by classifying the
subjects as atopic or nonatopic. Mite sensitization was
the most important allergen in 15 centres, cat in eight,
cat and mite equally in one, timothy in eight and
Cladosporium in two. Total IgE was associated with
BHR, independently of specific IgE, both when
analysing local data [61, 68] and when analysing the
combined data set [67].

Smoking. As expected, a higher prevalence of wheeze
and cough was found in current smokers than in
nonsmokers in several of the local investigations [28,
44, 69, 70]. The association between current smoking
and asthma has been less clear. In a case-control study
based on the combined data set, the risk of asthma with
an onset within the last 3 yrs before the survey was
found to be 43% lower in current smokers than in never
smokers [51]. BJÖRNSSON et al. [44] found that the
prevalence of reported asthma was similar in current
smokers and nonsmokers while ABRAMSON et al. [49]
reported a higher risk of current asthma in smokers
than in nonsmokers. In a 3-yr follow-up study,
PLASCHKE et al. [58] found that onset of asthma was
more common in current smokers than nonsmokers,
but this effect of smoking was mainly found in
nonatopic subjects.

In some local investigations, current smoking has

Table 3. – Variables explaining variation in the prevalence of wheeze, asthma, atopic sensitization and bronchial
responsiveness

Wheeze Asthma Bronchial
responsiveness

Atopic
sensitization

Age (-) (-) -
Female sex - (z) -

(in childhood)
z

(in adulthood)
Rhinitis z z z
Allergic sensitization (z) (z) z
Current smoking (z) (z) z

(to mite)
-

(to grass and cat)
Indoor environment

Gas cooking z
(in women*)

Cat ownership z
(to cat in subjects without symptoms)

Damp dwellings (z) (z) (z)
Occupational exposure z z z

Genetic disposition
Parental asthma z (z)
Parental atopy (z)

Childhood risk factors
Number of siblings (-) (-) (-) -
Dog in childhood -
Cat in childhood -

(to cat in subjects with atopic heredity)
Severe respiratory infections

before the age of 5 yrs
(z)

*: Heterogeneity between the centres;z: positive association; -: negative association; parentheses indicate the association was
shown in local analysis, as opposed to the whole data set.
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been found to be an independent determinant of
BHR [32, 52]. SUNYER et al. [71] found, however, that
smoking was associated with bronchial responsiveness
only in nonatopic subjects, while LEYNAERT [53]
reported that heavy smoking females had an increased
risk of moderate-to-mild BHR, but no such associ-
ation was found in males.

The association between smoking and atopic
sensitization has been studied in several local analyses
[38, 46, 56] and in one analysis of the combined data
set [47]. In the analysis of the combined ECRHS data
set JARVIS et al. [47] reported a higher risk of
sensitization to mite in smokers than never-smokers.
The risk of sensitization to grass and cat was,
however, lower in current and exsmokers than in
never-smokers. Smoking was found to be positively
associated with total IgE, both in local analyses
[38, 46, 56] and in an analysis of the combined
ECRHS data [47].

Indoor environment. In 1996 JARVIS et al. [72] reported
that, in the UK, females who used gas cookers had an
increased risk of wheeze and other asthma symp-
toms, as well as lower lung function (FEV1 and FEV1/
FVC) than females not using gas cookers. No such
association was found in males. This report was
followed by an analysis of the data from France which
found the same results as in the UK [73], while in an
analysis of data from the Belgium centres, no
association was found between gas cooking and
respiratory symptoms [74]. In a subsequent analysis
of the combined data set, JARVIS et al. [21] reported that
there was an overall association between the use of gas
cookers and respiratory symptoms in females, but that
this association varied considerably between the
centres. In general, there was a positive association
between gas cooking and symptoms in most European
centres, but a negative association in Australia, New
Zealand and the United States. The reason for this
across-country heterogeneity was not explained, but
could possibly be related to differences in the nature of
the gas in different countries.

In 1999, ROOST et al. [22] reported that there was an
increased risk of cat sensitization in cat owners who
did not have symptoms when exposed to pets. The
community prevalence of cat ownership was found
to be positively associated with the prevalence of cat
sensitization in noncat owners. The community pre-
valence of cat ownership was also positively correlated
with the prevalence of respiratory symptoms in the
presence of pets, asthma and asthma medication [22].

In Uppsala, Sweden indoor exposure in the home
and at the workplace was assessed by an additional
questionnaire. Current asthma was more prevalent in
subjects living in damp dwellings and particularly so
in those living in dwellings with dampness in the floor
construction [75]. Respiratory symptoms were found
to be related to living or working in a newly painted
dwelling, while BHR was related to living in a
dwelling with newly painted wood details or kitchen
painting [76].

In a subset of households in Uppsala, measure-
ments of house dust mite levels, air borne micro-
organisms and concentration of volatile organic

compounds (VOC) was performed. BJÖRNSSON et al.
[77] reported higher levels of house dust mite and
airborne bacteria in houses of subjects with asthma-
related symptoms. This association was, however, not
related to mite allergy, as none of the subjects who
lived in houses with measurable house dust mite levels
were sensitized to house dust mite. In a separate
analysis on the same data set, NORBÄCK et al. [78]
found that nocturnal breathlessness was associated
with higher levels of carbon dioxide, formaldehyde and
total concentration of VOC. Bronchial responsiveness
was related to higher levels of terpenes.

Occupational exposure. The risk of asthma and
respiratory symptoms attributable to occupational
exposure was studied in analyses of the Spanish
ECRHS data set [79] and the data set from New
Zealand [80]. In both these investigations, a higher risk
for asthma was found in laboratory technicians, and
plastic and rubber workers. In New Zealand, the risk of
asthma was also higher in farmers and farm workers
[80]. The proportion of asthma attributed to
occupational exposure was estimated to be 5–7% in
Spain and 2–3% in New Zealand. In a subsequent
analysis of the combined ECRHS data set, KOGEVINAS

et al. [81] found a higher risk for asthma in farmers,
painters, plastic workers, cleaners and agricultural
workers. Working as a cleaner increased the risk of
asthma byw30%. After creating a job exposure matrix,
asthma was found to be associated with high dose
exposure to biological and mineral dust, as well as
exposure to gases and fumes. The proportion of
asthma attributed to occupational exposure was
estimated to be 5–10%.

In an analysis of data from the Swedish centres,
workplace environmental tobacco smoke (ETS) was
associated with workplace symptomatic asthma [82].
Having to leave a job because of breathing problems
was associated with having worked in a job with a
high risk for exposure to dust as well as workplace
ETS.

Socioeconomic status. The association between socio-
economic status and respiratory health has received
little analysis. KOGEVINAS et al. [70] reported that in
the Spanish centres, bronchitis was more common
in unemployed than employed subjects, even after
adjusting for smoking, lung function and indoor risk
factors.

Diet and medication. The questionnaires of the
ECRHS included only a limited number of questions
related to diet. Questions on fish consumption, weight
and height were added in the Norwegian screening
questionnaire. Reported fish consumption was not
related to respiratory symptoms [83]. The authors did,
however, find an increased risk of wheeze with
increasing body mass index.

An ecological analysis was performed to measure
international associations between paracetamol sales
and atopic disease prevalences in children and adults
[41]. Published data from ISAAC and ECRHS were
used. Paracetamol sales were high in English-speaking
countries, and were positively associated with asthma
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symptoms, eczema and allergic rhinoconjunctivitis in
children (ISAAC), and with wheeze, diagnosed
asthma, rhinitis and bronchial responsiveness in
adults (ECRHS).

Infection. The role of current or recent infections has
been analysed on local data from three centres. In
Uppsala, subjects with serological signs of a current or
recent Chlamydia pneumoniae infection were more
likely to have reported wheeze than subjects without
infections [84]. A correlation was also found between
titres of C. pneumoniae immunoglobulin-A (IgA)
antibodies and bronchial responsiveness. Conversely,
in Verona, no significant association was found
between C. pneumoniae titres and respiratory
symptoms [85]. A relationship was found between
serological sign of a recent respiratory syncytial virus
infection and BHR in Uppsala [86].

Tuberculin reactivity was assessed with the adrena-
line-Pirquet method at the stage 2 examination in
Bergen in Norway [87]. The aim of this investigation
was to test whether bacille Calmette-Guérin (BCG)
immunization and subclinical exposure to Mycobacte-
rium tuberculosis may influence a subject9s inclination
for developing allergic sensitization. No association
was found between tuberculin reactivity and total
serum IgE and specific serum IgE levels.

Genetic disposition. An association between asthma
and parental asthma has been reported in several
analyses of local data sets [28, 39, 49, 59]. Parental
atopy was related to atopic sensitization in several of
the local investigations [29, 33, 38]. The association
between genetic disposition and asthma has also been
studied in one analysis from the combined ECRHS
data set [23]. Asthma was found to be related to
parental asthma, and more so if both parents have
asthma. The odds ratios for asthma in subjects with
maternal and paternal asthma were 3.2 and 2.9,
respectively. If both parents had asthma, the odds ratio
for asthma increased to 7.0. The association did,
however, vary between centres and regions. For
developing extrinsic asthma (asthma in combination
with nasal allergy or eczema), extrinsic asthma in any
parent was a greater risk factor than intrinsic asthma
(asthma but no allergic disease) in any parent. This
implies that a genetic component is likely in atopic
asthma, but the analysis does not exclude that a genetic
component may also exist in nonatopic asthma.
Different segregation models were applied which
indicated that at least one major gene for asthma
exists, but also that asthma is not fully described by a
single gene model.

Childhood risk factors. The number of siblings has
been found to be negatively related to current asthma
[39, 88] and bronchial responsiveness [54] in analyses of
local data sets. The number of siblings was also
negatively related to atopic sensitization [32, 88]. This
was confirmed in an analysis of the combined data set
[89]. In this analysis no significant association between
birth order and atopy was found when taking in
account the number of siblings.

Two central analyses have studied the association

between pets in childhood and atopic sensitization.
SVANES et al. [89] reported that atopy was negatively
associated with having a dog in childhood, but that
there was no significant association with having a cat
as a child and atopy. ROOST et al. [22] reported that
having a cat in childhood was negatively associated
with cat sensitization in subjects with a family history
of atopy, while this association was not found in
subjects without such a family history [22].

In local analyses, respiratory infection before the
age of 5 yrs was found to be related to current asthma
[49], childhood onset of asthma [39], ever having had
asthma [28] and past asthma [90]. An association
between current asthma and having been hospitalized
for a lung disease before the age of 2 yrs, was found in
an analysis of an extended screening questionnaire in
Bergen in Norway [91]. No association was found
between having had a serious respiratory infection in
childhood and atopy when analysing the combined
ECRHS data set [89].

In an analysis of the Swedish data set, an increased
risk of atopic sensitization was found in subjects who
had attended a day care centre before the age of
5 yrs [38], but this association was not found to be
significant when analysing the combined data set [89].

In one local investigation, data from the screening
questionnaire was linked with data from the birth
weight register in Norway [92]. A decreased risk of
respiratory symptoms was found with increasing birth
weight. Respiratory symptoms were also inversely
related to maternal age.

Treatment practices

Marked variations in treatment practices of asthma
were found in analysis of the combined stage 1 data
set. The use of asthma medication in subjects with
attacks of asthma varied from 30% in Tartu in
Estonia, to w80% in the Netherlands, Sweden, New
Zealand and the UK [17]. A wide cross-country
variation was also found in the use of asthma
medication in subjects with current asthma in analysis
of the combined stage 2 data set [20]. The use of
inhaled anti-inflammatory medication varied from
17% in Italy to 49% in the UK. A significant
ecological association was found between the use of
anti-inflammatory medication and the prevalence
of doctor consultations. Few of the subjects with
asthma reported use of alternative remedies except in
Germany (16%) and in Belgium (15%) [20].

Two analyses of local data underlined that subjects
with asthma are often undertreated. In a study from
two French centres, 136 patients with asthma were
identified [93]. An asthma severity score based on
number of asthma attacks, symptoms, FEV1 and
treatment was developed and validated. In both
centres, most asthmatics were undertreated according
to the international guidelines [94]. Similar results
were obtained when analysing data from the Italian
centres [95].

Some analyses have looked at how the use of
asthma medication is influenced by factors other than
asthma it self. KOGEVINAS et al. [70] found no
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difference in asthma medication use or the frequency
of seeing a doctor in symptomatic unemployed or
employed subjects. Unemployed subjects were, how-
ever, less likely to have been seen by a specialist. In an
analysis of the combined ECRHS data set, current
smoking was found to be an independent negative
predictor of using antiasthmatic medication [96]. In
many of the countries, females were more likely to be
using medication than males, while no association was
found between treatment and age or socioeconomic
status. In another analysis of the combined data set,
self-reported compliance was found to be low in
asthmatics [97]. The level of compliance increased
with age but was not related to sex or asthma severity
(number of asthmatic attacks). A negative association
was found between the prevalence of compliance per
country and the proportion of asthmatics who had
ever visited an emergency room or been hospitalized
for breathing problems.

Conclusion

The ECRHS has shown that that there are large
geographical differences in the prevalence of respira-
tory symptoms, asthma, bronchial responsiveness and
atopic sensitization with high prevalence rates in
English speaking countries and low prevalence rates
in the Mediterranean region and Eastern Europe
[17–20]. The geographical variation in variables
related to asthma and allergy in young adults in the
ECRHS is also in accordance with what has been
shown in children in the ISAAC study [25, 98]. Local
analysis of the ECRHS have shown that the pre-
valence of atopic sensitization is lower in the former
socialist Eastern Europe than in Western Europe [29,
33], which is in accordance to what has previously
been found in children [30, 31].

Prior to the ECRHS, the patterns of geographical
variation in asthma prevalence were mostly derived
from questionnaire based surveys. The interpretation
of these variations was limited by the possible
influence of differences in study design, type of
questionnaires and cross-cultural differences in the
terms used in these questionnaires. The results from
the ECRHS have shown that these differences persist
when using the same standardized study protocol. In
addition, the fact that the geographical pattern is
consistent with the distribution of BHR supports the
conclusion that the geographical variations are true
and are most likely due to environmental factors.
Furthermore, the ECRHS is unique in showing that
the wide geographical differences in atopy are not
accounted for by methodological factors such as the
skin testing technique, the type of assay for the specific
IgE, the type of measurement, the type of allergens or
the allergenic extracts manufacturer. The ECRHS has
also enabled researchers to compare prevalence data
of the ECRHS with that of other regions such as in
Turkey and Albania using the ECRHS protocol
[99–101].

The ECRHS is an ideal approach to formally assess
geographical heterogeneity through meta-analysis and
to suggest hypotheses about its origin. The ECRHS

has highlighted the importance of occupational
exposure for adult onset asthma with estimations
that the proportion of asthma attributed to occupa-
tional exposure is 5–10% [81]. The associations
between sensitization to individual allergens and
bronchial responsiveness have been shown to be
strongest for indoor allergens (mite and cat), but
allergic sensitization only explains 1–13% of the total
variation in bronchial responsiveness [67]. The expla-
nation of why the use of gas cookers increases the
prevalence of respiratory symptoms in females in
some areas, but not in others, is unknown [21]. The
possible association of other indoor exposure vari-
ables such as dampness in the dwelling and ETS with
asthma has so far only been analysed in a small
number of local ECRHS investigations [75, 82].

Even though the ECRHS is not ideally designed to
analyse the effect of childhood exposure, the study has
made important contributions to the knowledge on
how childhood exposure influences atopic sensitiza-
tion. In accordance with several other studies [102,
103], the ECRHS has shown that the likelihood of
being atopic as an adult is inversely related to the
number of siblings [89]. The results of the ECRHS
indicate that pet exposure in childhood, especially
exposure to dogs, reduces the risk of being sensitized
as an adult [89], while cat exposure as an adult may
have the opposite effect [22]. The study also confirms
that parental asthma is an important risk factor for
having atopic asthma as an adult [23].

The third objective of the ECRHS was to study
international variations in treatment practices. In
accordance with audits of asthma care [104] and
statistics from drug sales [8], the treatment of asthma
varies widely between the ECRHS centres [17, 20].
The ECRHS has also shown that, at least at the time
of the study, asthma was still often undertreated [20,
93, 95].

In conclusion, the European Community Respira-
tory Health Survey has shown that the prevalence of
asthma varies widely. The fact that the geographical
pattern is consistent with the distribution of atopy and
bronchial hyperresponsiveness supports the conclu-
sion that the geographical variations in the prevalence
of asthma are true and most likely due to environ-
mental factors. The follow-up study, the European
Community Respiratory Health Survey II, which has
just started, will create internationally comparable
data on changes in respiratory symptoms, atopic
sensitization, bronchial responsiveness and lung func-
tion, thereby providing further clues as to how the
global increase in the prevalence of asthma can be
countered.
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33. Jögi R, Janson C, Björnsson E, Boman G, Björksten
B. Atopy and allergic disorders among adults in Tartu,
Estonia compared with Uppsala, Sweden. Clin Exp
Allergy 1998; 28: 1072–1080.
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