
Sensitization to individual allergens and bronchial
responsiveness in the ECRHS

S. Chinn, P. Burney, J. Sunyer, D. Jarvis, C. Luczynska, on behalf of the
European Community Respiratory Health Survey

Sensitization to individual allergens and bronchial responsiveness in the ECRHS. Euro-
pean Community Respiratory Health Survey. #ERS Journals Ltd 1999.
ABSTRACT: Little is known about the relation of bronchial responsiveness (BHR) to
sensitization to individual allergens, or its variation between countries.

Data were obtained for BHR, specific immunoglobulin E and confounding var-
iables from 11,215 subjects, aged 20±44 yrs at the start of the European Community
Respiratory Health Survey, in 34 centres in 15 countries. The relation of BHR to
sensitization to cat, house dust mite, timothy grass and Cladosporium was estimated by
means of multiple regression for each centre, and combined across centres by random
effects meta-analysis, controlling for baseline lung function, height, sex, season of
testing, age, smoking and age/sex and age/smoking interactions.

BHR was greater, on average, in those sensitized to cat (p=0.023), house dust mite
(p<0.001) and timothy grass (p=0.018), but not to Cladosporium (p=0.60), and in-
creased with degree of sensitization (p<0.001). All relations showed heterogeneity be-
tween centres, although to a lesser extent in the relation to sensitization to house dust
mite.

More variation in bronchial responsiveness was explained by sensitization and
degree of sensitization to the individual allergens than by atopy defined as any positive
test in each centre, but the relative importance of each allergen varied. The use of
atopy as a single variable in relation to bronchial hyperresponsiveness may be mis-
leading.
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The identification of risk factors for bronchial res-
ponsiveness (BHR) is important in furthering the under-
standing of the causes of asthma and of chronic obstructive
lung disease. Although not synonymous with asthma, BHR
has been widely used as an objective marker, especially in
young adults and children. BHR has been shown to vary
widely throughout Europe and elsewhere [1], with the high-
est levels being recorded in the UK and New Zealand.
The reasons for this variation are unknown. BHR is known
to be related to atopy [2±7], and the prevalence of atopy
is also highly variable, with estimates ranging 16±45%
[8]. However, atopy has been expressed in different ways,
either as a positive skin-prick test or the presence of ser-
um-specific immunoglobulin E (IgE) to any of a number
of common allergens, or as the number of positive res-
ults. These definitions depend on the number of allergens
tested.

Few studies have examined the relation of BHR to sen-
sitization to individual allergens. Some information is
available for adults in Norway [6], young adults in Spain
[4] and England [9], and children in Australia [10] and
New Zealand [11, 12]. A wider age range of subjects was
studied in the Netherlands [5], but allergens were ana-
lysed one at a time, and the independent effects were not
estimated. Even in the largest of these studies [4], in
which 1,816 subjects were included in the analyses, there
was limited power to assess the independent effects of

sensitization to the separate allergens. In England, there is
some evidence that BHR may have a different relation to
sensitization to individual allergens [9], in Norway [6],
England [9] and Australia [10], there is evidence for a
relation of BHR to degree of sensitization to house dust
mite, and in New Zealand [12] to degree of sensitization
to several allergens.

The extent to which variation in atopy explains variation
in BHR between countries is unknown. In order to inves-
tigate this, the relation of BHR to sensitization to different
allergens needs to be established, using a common set of
allergens in each country. A simple description of the ex-
tent to which variation in atopy explains variation in BHR
will depend on one relation of BHR to each allergen being
the same for each country.

For some countries the findings [4, 9] in the data from
the European Community Respiratory Health Survey
(ECRHS) were obtained using slightly different metho-
dology, and no corresponding results for adults have been
given for others. Data for BHR and specific IgE to four
allergens were obtained for young adults in 34 centres in
15 countries in the ECRHS. This paper reports the rela-
tions of BHR to sensitization and degree of sensitization
to the four common allergens in this large sample, inves-
tigates the variation in the relations between the centres,
and the variation within centres. The implications for the
reporting of atopy in future studies are discussed.
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Methods

Sampling

The protocol for the ECRHS has been described in
detail elsewhere [13, 14]. Briefly, participating centres sel-
ected an area defined by pre-existing administrative
boundaries with a population of $150,000. Where possi-
ble, ail up-to-date sampling frame was used to select
randomly $1,500 males and 1,500 females aged 20±44
yrs. During stage I, subjects were sent a questionnaire en-
quiring about respiratory symptoms and attacks of asthma
in the last 12 months, current use of asthma medication
and nasal allergies including hay fever. A random sample
of subjects were selected to take part in stage II. Those
who had already responded to stage I were invited to
answer a more detailed administered questionnaire, and to
take part in blood tests, skin tests, assessment of lung
function by means of spirometry and airway challenge
with methacholine. The questionnaire collected informa-
tion on current smoking and smoking history.

Methacholine challenge

This has been described in detail elsewhere [1, 9, 14].
BHR to methacholine was measured in eligible subjects
using one of two dosing schedules, one delivering metha-
choline to a maximum dose of 1 mg and the other to a
maximum of 2 mg. Methacholine was delivered via a
Mefar dosimeter (Mefar, Bovezzo, Italy), forced expira-
tory volume in one second (FEV1) recorded 2 min after
each inhalation and the test stopped when either a 20%
fall in FEV1 had been achieved or the final dose given.
Only data from the doses common to the two schedules,
0.0078±1 mg cumulative dose, were used in the multi-
centre analyses [1].

Total and specific immunoglobulin E

Serum total IgE and specific IgE to cat, house dust mite
(Dermatophagoides pteronyssinus), Cladosporium and ti-
mothy grass were measured using the Pharmacia CAP
system (Pharmacia, Uppsala, Sweden). The measurement
range for total IgE was 2±2,000 kU.L-1, and for specific
IgE 0.35±100 kUA.L-1 (allergen specific units). Specific
IgE results were regarded as positive if >0.35 kUa.L-1.
Total IgE activity was logarithmically transformed. Speci-
fic IgE to birch, included in the analysis of the English data
[9], was not tested for in all centres [8], and has not been
included here. Presence of atopy was defined as a positive
specific IgE to at least one of the four allergens.

Statistical analysis

The measure of dose/response slope, adopted for betwe-
en centre analyses in the ECRHS [1, 15], was used as the
main measure of BHR, but the provocative dose causing a
20% fall in FEV1 (PD20) was also analysed. The log
slope, calculated by means of regressing percentage fall
in FEV1 on log10 dose [15], required transformation in
order to satisfy the assumptions of standard statistical an-
alysis, i.e. normality and homogeneity of variance; the
transformation 100/(log slope+10) was found to be ap-
propriate [16]. The term "slope" is used for transformed
log slope as used in the ECRHS [1], with a low slope

indicative of high BHR. The PD20 was estimated by fit-
ting an exponential curve to the decline in maximum
FEV1 with log dose [17].

Variables found to be risk factors for BHR additional to
specific IgE in the analysis of the English data [9] were
included. These were age, smoking and an age/smoking
interaction, height, sex, and baseline FEV1 expressed as a
standardized difference from an internally derived pred-
icted value, and as a percentage of forced vital capacity.
An age/sex interaction was added as participation rates
varied by age and sex across centres. In addition, season
of testing, total IgE and specific IgE titres against all four
allergens were included, as increased BHR was found
with increasing titre against D. pteronyssinus in the En-
glish data [9], and that analysis lacked the power to detect
a relation with antibody titres to other allergens. Internal
predicted values were used because the published stan-
dards [18] were found, on average, to underestimate FEV1

for almost all centres [19].
"Slope" was analysed using multiple linear regression

and the proportion with a PD20 <1 mg by means of
multiple logistic regression. Analyses were carried out by
centre for "slope" and by country for PD20, the results
being combined in a random effects meta-analysis [20].
The relation of BHR to each titre of specific IgE was
studied first; if no heterogeneity or significant effect was
detected, the variable was omitted from subsequent anal-
yses. Otherwise relations to all variables were mutually
adjusted. In cases in which a titre was retained in the mod-
el, 0.35 was subtracted from its value so that the estimate
for "sensitization" was an estimate of the relation of
"slope" to sensitization at the minimum positive level.

The variation in "slope" explained by all variables and
all variables except for specific IgE, the decrease in var-
iation on omitting sensitization to each allergen in turn, and
that explained by using atopy as a single variable were
estimated for each centre.

Results

Study population

One centre with BHR data did not take part in the serum
testing for IgE, one centre had a problem with the Mefar
dosimeter and two centres included in the analysis of total
and specific IgE data were not included in further analyses
of stage II data as these were not fully checked and edited.
One centre with BHR data carried out stage II too late to
have sera tested for IgE. Out of the 35 centres with BHR
data [1] and 37 with IgE data [8], there were, therefore, 34
for which both were usable, from 15 countries. Table 1
gives the numbers of subjects in each centre with IgE and
BHR data and both. In most centres, unwillingness to un-
dertake BHR testing, ineligibility or inability to complete
the test limited the data available, but, in some centres, the
response to venepuncture was lower than that achieved
for BHR. Details of the response to BHR testing are given
elsewhere [1]. Most of the 11,409 subjects with both sets
of data had complete data for the other variables; there
were 11,215 subjects in the analysis.

BHR as measured by mean "slope" and prevalence of
PD20 <1 mg, prevalence of a measurable IgE to each spe-
cific allergen and prevalence of atopy as defined are given
by country in table 2, for subjects with both BHR and total
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IgE data. BHR was greatest in Australia and New Zea-
land, shown by the lowest mean "slopes" and highest pre-
valences of PD20 <1 mg. BHR was lowest in Iceland, i.e.
the mean slope was highest. Of the four allergens, sen-
sitization to Cladosporium was the least common, fol-
lowed by sensitization to cat. The relative prevalences of
sensitization to house dust mite and timothy grass varied
between countries. Between centre variation was even
greater than that between countries.

Relation of bronchial hyperresponsiveness to sensitiza-
tion, heterogeneity between centres

All relations showed significant (p<0.05) heterogeneity
except that to sensitization to house dust mite. Those
showing strong evidence (p<0.01) of heterogeneity are
illustrated in the figures. Figure 1 shows the effect of
increasing cat-specific IgE titre on slope, excluding the
estimate for Huelva, Spain, which had extremely wide
confidence intervals and added virtually no information
to that from the other 33 centres. No centre had a positive
gradient that was statistically significant, which would
have indicated a decrease in BHR with increasing sensi-
tization. ReykjavõÂk, Gothenburg and Paris had a greater
negative gradient than the mean and Groningen, Grenoble

and Galdakao a more positive gradient. Despite the sig-
nificant heterogeneity (p<0.001), the random effects es-
timate of the mean relation was negative (p<0.001),
showing an increase in BHR with increasing titre.

The relation to Cladosporium-specific IgE titre showed
no heterogeneity, and the combined estimate of the re-
gression coefficient was not significantly different from
zero. Four centres (Albacete, Spain; Pavia and Verona,
Italy; Hawke's Bay, New Zealand) were omitted from this
analysis as Cladosporium-specific IgE titre was comple-
tely confounded by other data. Cladosporium-specific IgE
titre was omitted from further analyses of slope. The het-
erogeneity in the relation of BHR to sensitization to Clado-
sporium (p=0.001) is illustrated in figure 2, which shows
that slope decreased significantly with sensitization in
Gothenburg, Sweden and in Cambridge and Ipswich, UK,
and increased in Bergen op Zoom, the Netherlands, Bar-
celona, Spain and Christchurch, New Zealand. The mean
relation was not significantly different from zero (p=
0.60).

The relations of BHR to specific IgE titres to timothy
grass and house dust mite also showed some heterogeneity
(p=0.021 and 0.013, respectively), and the mean relations
were significantly negative (p=0.01 and p<0.001). Hence,
for cat, timothy grass and house dust mite, the estimate for
sensitization is adjusted for titre and represents the effect of
sensitization at the minimum level. For cat sensitization,
the estimates for most centres were compatible with an
increase in BHR in sensitized subjects (fig. 3, omitting
Huelva), but for South Antwerp the estimate of the in-
crease in slope was positive, with a confidence interval
(CI) that excluded zero. However, for increasing titre, the
estimate was negative (fig. 1), and both CIs were wide, so
this may be a consequence of the difficulty in separating
the information. The heterogeneity was highly significant
(p=0.001), but the 95% CI for the effect of minimum
sensitization only just excluded zero (p=0.023). The het-
erogeneity in the relation of BHR to sensitization to tim-
othy grass is shown in figure 4, in which CIs are narrower
due to the greater prevalence of sensitization. Of the
centres with a positive estimate of the increase in slope,
i.e. a decrease in BHR with increasing sensitization, only
ReykjavõÂk had a CI that excluded zero.

Relation of bronchial hyperresponsiveness to sensitiza-
tion, random effects estimates

The meta-analysis results for BHR slope are shown in
table 3. In addition to the results described in the figures,
it can be seen that the average relation of "slope" to tim-
othy grass-specific IgE titre was less than that for cat or
house dust mite, and, that the relation to sensitization to
house dust mite was comparable to that for cat, but with a
narrower CI. The relation of "slope" to log serum total
IgE was negative and highly significant with little hetero-
geneity. (A one unit increase in log10 total IgE is equiv-
alent to a 10-fold increase in kU.L-1.)

The analyses were repeated using logistic regression for
the proportion of subjects with PD20 <1 mg. Owing to
collinearity it was not possible to carry out these analyses
by centre, the dichotomous variable providing less infor-
mation than "slope", so analysis was carried out by coun-
try. Even then the analysis of Cladosporium-specific IgE
titre required the omission of Spain, Ireland, Italy and

Table 1. ± Number of randomly selected subjects with
immunoglobulin E (IgE) and bronchial hyperresponsive-
ness (BHR) data

Subjects n

Centre IgE BHR Both

ReykjavõÂk, Iceland 518 469 456
Bergen, Norway 749 556 545
Gothenburg, Sweden 573 545 521
UmeaÊ , Sweden 425 420 378
Uppsala, Sweden 525 498 475
Bergen op Zoom, the Netherlands 418 402 379
Geleen, the Netherlands 388 345 339
Groningen, the Netherlands 355 339 321
Antwerp city, Belgium 267 289 230
South Antwerp, Belgium 325 315 282
Erfurt, Germany 718 596 583
Hamburg, Germany 775 1012 750
Basle, Switzerland 567 654 436
Bordeaux, France 512 464 435
Grenoble, France 429 413 383
Montpellier, France 364 355 292
Paris, France 555 518 451
Cambridge, UK 192 175 147
Ipswich, UK 365 345 310
Norwich, UK 365 340 308
Dublin, Ireland 232 286 210
Pavia, Italy 250 233 195
Turin, Italy 177 194 160
Verona, Italy 332 290 283
Albacete, Spain 390 347 315
Barcelona, Spain 175 178 149
Galdakao, Spain 365 364 333
Huelva, Spain 215 203 156
Oviedo, Spain 244 239 221
Christchurch, New Zealand 268 304 237
Hawke's Bay, New Zealand 142 166 120
Wellington, New Zealand 301 312 254
Melbourne, Australia 520 511 480
Portland, OR, USA 314 337 275
Total 13310 13014 11409
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Switzerland, and for Cladosporium sensitization omission
of Spain and Ireland. Heterogeneity appeared less marked
than with "slope", but this can be attributed to the lower
power of the logistic analysis. Otherwise the results were in
accordance in the two analyses.

BHR showed marked heterogeneity in its relation to cat-
specific IgE titre and to sensitization to cat. Inspection of
the data showed that centres with a positive relation for one
tended to have a negative relation for the other. This sug-
gested that the heterogeneity might be artefactual to some
extent; thus, the cat sensitization analysis was repeated
unadjusted for titre, which estimated the association with
any sensitization and not one at the minimum level of
detection, as in table 3. As expected, the relation, 0.506

(95% CI -0.725± -0.287, p<0.001), was stronger than for
minimal sensitization, with heterogeneity (p<0.001) ag-
ain detected. There was little change in the ranking of the
centres shown in figure 3. Sensitization to cat in South
Antwerp was still associated with a decrease in BHR.

Patterns of sensitization

The results of the above analyses depend on the addi-
tivity of the effects of sensitization to the individual aller-
gens. The prevalence of each combination of sensitization
is shown in table 4 by country, for subjects with data for
BHR as well as for specific IgE. Sensitization to house
dust mite alone was the most prevalent in approximately
half of the countries and that to timothy grass alone in the

Table 2. ± "Slope", total immunoglobulin (IgE) and prevalence of provocative dose of methacholine causing a 20% fall in
forced expiratory volume in one second (PD20) <1.0 mg and of specific IgE to four allergens for subjects with BHR data in
the 15 countries included in the study

BHR Specific IgE

Country "Slope"
mean

PD20 <1.0 mg
%

Cat
%

HDM
%

Timothy grass
%

Cladosporium
%

Any
%

Total Ige
GM

Iceland 8.35 7.0 7.2 9.0 11.8 6.4 21.5 13.2
Norway 7.72 7.9 7.3 13.2 14.9 1.8 23.9 25.3
Sweden 7.84 9.4 13.7 9.6 17.6 2.2 29.1 23.3
The Netherlands 7.58 12.4 8.0 27.1 20.0 4.1 36.1 33.2
Belgium 7.53 12.7 8.6 24.0 15.6 4.1 33.2 29.4
Germany 7.47 13.4 9.6 16.9 23.4 4.4 35.2 30.9
Switzerland 7.97 8.7 14.4 17.7 33.7 7.3 41.1 28.1
France 7.25 17.6 7.9 23.6 16.6 2.4 32.3 50.1
UK 7.23 19.1 8.9 23.4 24.2 2.5 37.5 27.2
Ireland 7.38 16.7 7.6 33.3 15.2 1.9 40.0 46.5
Italy 7.98 9.9 5.3 11.9 17.9 1.1 25.4 44.8
Spain 7.92 11.4 5.1 17.5 11.6 2.3 25.3 34.9
New Zealand 7.04 24.4 9.7 32.0 26.4 2.0 42.3 41.1
Australia 7.01 21.5 9.0 31.3 29.2 2.5 44.8 37.5
USA 7.22 18.2 11.3 19.6 32.7 4.4 42.9 22.7

HDM: house dust mite; GM: geometric mean.
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Fig. 1. ± Change in "slope" per 10 kUA.L-1 increase in specific IgE
titre to cat allergen >0.35 kUA.L-1, by centre (Huelva, Spain omitted).
The area of each rectangle is proportional to the reciprocal of the
variance of the estimate for the centre. ± ± ± : combined random effects
estimate; e: width of its 95% confidence interval. Locations of centres
are shown in table 1.
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Fig. 2. ± Change in "slope" in those sensitized to Cladosporium with a
specific IgE titre of $0.35 10 kUA.L-1, by centre. The area of each
rectangle is proportional to the reciprocal of the variance of the estimate
for the centre. ± ± ± : combined random effects estimate; e: width of its
95% confidence interval. Locations of centres are shown in table 1.
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remainder. Sensitization to house dust mite in combina-
tion with grass sensitization, or both cat and grass sen-
sitization, was more common than cat sensitization alone
or with either of the other two allergens. Sensitization to
Cladosporium was rare so combinations with other al-
lergen sensitization have not been separated.

The results of meta-analyses of the relation of mean
"slope" to each of the more prevalent combinations are
given in table 5. These show that the increase in BHR was
greater in subjects sensitized to all three allergens than in
those sensitized to two, which in turn was greater than the

increase in those sensitized to just one. However, within
these groups, there were differences, a greater reduction
in "slope" being associated with sensitization to cat alone
than to grass alone, and to cat with house dust mite than to
cat with grass. Not all centres had sufficient subjects in
each sensitization group, and so the number of centres
was reduced in the analyses. The results shown in table 5
were not adjusted for the degree of sensitization.

Relation of bronchial hyperresponsiveness to sensitiza-
tion to timothy grass by season

Subjects were tested throughout the year, and those
sensitized to timothy grass would be expected to show a
greater increase in BHR when tested in the grass pollen
season. As this can extend from May to October in some
European countries [21], "summer" was defined as en-
compassing these months in the northern hemisphere and
November to April in the southern hemisphere. Subjects
sensitized to timothy grass, who were tested in summer,
had a mean "slope" -0.29 (95% CI -0.47± -0. 11) from that
of unsensitized subjects tested in the same season, and for
those tested in winter the mean difference was -0.12 (-
0.36±0.12). Testing for interaction between sensitization
and summer/winter testing showed some evidence for a
difference in the two estimates (p=0.13). There was little
evidence for heterogeneity between centres in the interac-
tion term (p=0.21). There was evidence for heterogeneity
between centres in the "winter" estimate (p=0.001). The
estimates for the relation of BHR to degree of sensitiza-
tion were almost identical in the winter- and summer-
tested subjects (-0.009 and -0.008 per 10 kUa.L-1,
respectively), with stronger evidence for heterogeneity
between centres in this in the "summer" estimate (p=
0.001) than in the "winter" estimate (p=0.01).

Population effects

Table 6 shows the variation in "slope" accounted for by
various models. Each model included log total IgE,
season of testing, baseline lung function, height, sex, age,
smoking and age/sex and age/smoking interactions. The
first column shows the percentage variation explained by
these variables alone, which ranged from 11.4% in Ant-
werp City, Belgium to 33.9% in Cambridge, UK. The
second shows the variation explained by these variables
plus the seven variables for specific IgE, the titres for
house dust mite, cat and timothy grass, and sensitization
at the minimum positive level to these three and any sen-
sitization to Cladosporium. The difference in these two
columns, the variation explained by all the specific IgE var-
iables, ranged from 1.4% in Erfurt, Germany to 12.7% in
Ipswich, UK. The next three columns show the reduction
in variation on omitting the two variables for house dust
mite, cat and timothy grass in turn, and the sixth column
the reduction on leaving out Cladosporium sensitization.
The relative importance of the four allergens varied be-
tween centres, with house dust mite sensitization explain-
ing the greatest variation in 16 centres, cat in nine
including equally with house dust mite in one centre, tim-
othy grass in eight and Cladosporium in just two, Cam-
bridge, UK and Barcelona, Spain. The final column shows
the loss of explanatory power when atopy defined as any
positive specific IgE replaced the seven variables. Not
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Fig. 4. ± Change in "slope" in those sensitized to timothy grass at the
minimum detectable level, by centre. The area of each rectangle is pro-
portional to the reciprocal of the variance of the estimate for the centre.
± ± ± : combined random effects estimate; e: width of its 95%
confidence interval. Locations of centres are shown in table 1.
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Fig. 3. ± Change in "slope" in those sensitized to cat allergen at the
minimum detectable level, by centre (Huelva, Spain omitted). The area
of each rectangle is proportional to the reciprocal of the variance of the
estimate for the centre. ± ± ± : combined random effects estimate; e:
width of its 95% confidence interval. Locations of centres are shown in
table 1.
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only was the loss generally greater than that obtained on
omitting any single specific IgE, except cat in Hamburg,
Germany, timothy grass in Turin, Italy and house dust
mite in Galdakao, Spain, but for most centres (not shown)
it was greater than that explained by house dust mite, cat
or timothy grass alone. In three centres, ReykjavÂk, Ice-
land, Erfurt, Germany and Barcelona, Spain, the variation
explained by the single atopy variable was <0.1%. An-
alysis of data from the subjects tested in the summer
months did not greatly change the relative importance of
the four allergens.

Discussion

The analyses showed heterogeneity in the relation of
BHR to sensitization to Cladosporium, cat and timothy
grass, and to a lesser extent to house dust mite, and var-
iation in the relative importance of the four allergens across
centres in the ECRHS. House dust mite sensitization ex-
plained the greatest variation in BHR in nearly half of the
centres. A single "atopy" variable generally explained less
variation than specific IgE to a single allergen, due to not
allowing for degree of sensitization, and opposing direc-
tions of the relations in some centres.

Studies which have analysed the independent effects of
sensitization to several allergens have all reported an effect
of house dust mite [4, 6, 9±12]. In addition, a relation to
degree of sensitization to house dust mite was reported in
four studies [6, 9, 10, 12], and to sensitization to cat, dog or
Aspergillus fumigatus in 13-yr-old New Zealander children
[12]. BHR was significantly increased in young adults in
Spain with sensitization to olive or timothy grass [4], in
England with sensitization to cat, timothy grass and
Cladosporium [9], and in children aged 8±11 yrs in Aus-
tralia sensitized to ryegrass or cockroach [10].

Even variation in the relative importance of sensitization
to different allergens cannot be reliably deduced from these
separate reports. First, there was great variation in the num-
ber and type of allergens that were included. Specific IgE
to a maximum of five allergens was tested [4, 6, 9], but the
use of skin-prick tests enabled more allergens to be in-
cluded [4, 10, 11]. Secondly, there was limited power in
these individual studies to detect a significant relation to
the less common allergens, particularly if most subjects
sensitized to these allergens were also sensitized to the
common allergens. Hence, lack of significance in a mul-
tiple linear or multiple logistic regression does not rule

Table 4. ± Prevalence of the most frequently occurring combinations of sensitization to house dust mite (HDM), timothy
grass, cat and Cladosporium in subjects with bronchial hyperresponsiveness data, by country

Country HDM only
%

Grass only
%

HDM+grass
%

HDM+grass+cat
%

Cat only
%

Grass+cat
%

HDM+cat
%

Other*
%

None
%

Iceland 3.7 5.0 1.1 0.7 2.2 2.0 0.4 6.4 78.5
Norway 5.7 7.2 2.9 2.4 1.5 1.1 1.3 1.8 76.2
Sweden 4.5 8.3 1.6 1.8 5.5 4.4 0.8 2.2 70.9
The Netherlands 12.6 5.7 6.7 3.5 1.1 0.9 1.5 4.1 63.9
Belgium 12.1 5.3 4.5 3.5 1.6 0.8 1.4 4.1 66.8
Germany 7.1 11.8 4.0 2.9 2.0 2.4 0.7 4.4 64.8
Switzerland 4.1 15.6 4.4 4.8 1.4 2.8 0.7 7.3 58.9
France 12.6 6.1 4.7 2.6 0.8 1.2 1.9 2.4 67.7
UK 9.9 10.2 6.9 4.1 1.8 1.2 0.9 2.5 62.5
Ireland 19.5 3.8 7.6 2.9 1.9 0.0 2.4 1.9 60.0
Italy 6.1 10.4 3.1 1.6 0.8 2.0 0.3 1.1 74.6
Spain 10.7 5.4 3.1 1.5 0.8 0.6 0.9 2.3 74.7
New Zealand 13.3 8.2 10.2 5.6 1.0 0.8 1.3 2.0 57.7
Australia 13.8 11.3 8.8 6.0 0.2 1.5 0.8 2.5 55.2
USA 6.5 15.3 6.5 4.0 2.9 2.9 0.4 4.4 57.1

*: all combinations with sensitization to Cladosporium.

Table 3. ± Random effects meta-analyses by centre of mutually adjusted* associations of "slope" with individual allergens

Heterogeneity

Variable df p-value Regression coefficient 95% CI p-value

Allergen titres per 10 kUA.L-1 increase
Cladosporium+ 29 0.332 0.103 -1.132±1.337 0.87
Cat 33 <0.001 -0.425 -0.612± -0.239 <0.001
Timothy grass 33 0.021 -0.103 -0.166± -0.040 0.001
House dust mite 33 0.013 -0.349 -0.426± -0.272 <0.001

Allergen sensitization#

Cladosporium+ 33 0.001 -0.092 -0.434±0.250 0.60
Cat 33 0.001 -0.269 -0.501± -0.037 0.023
Timothy grass 33 0.002 -0.190 -0.346± -0.033 0.018
House dust mite 33 0.418 -0.254 -0.364± -0.144 <0.001

Log10 total IgE 33 0.177 -0.156 -0.224± -0.088 <0.001

*: adjusted for season of testing, baseline lung function, height, sex, age, smoking and age/sex and age/smoking interactions; +: no
evidence for heterogeneity or nonzero effect, omitted in other analyses in this table; #: for cat, timothy grass and house dust mite, esti-
mate for minimum positive sensitization. df: degrees of freedom; CI: confidence interval; IgE: immunoglobulin E.
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out a relation. Conversely, a significant univariate relation
with a particular allergen may result from the relation of
BHR to another allergen to which most of the subjects are
sensitized. Thirdly, different cut-off points were used to
define sensitization, even when methodology was other-
wise similar, or skin test and specific IgE results were
combined. Only a study such as this, in which the same
allergens and methodology were used in each centre, can
overcome these problems.

The heterogeneity found in the estimates confirms that
there is genuine variation between centres and countries,
and that the lack of uniformity in reports from different
studies was not an artefact of the reasons for noncompar-
ability given above. In particular, heterogeneity explains
why a large relation was found with Cladosporium sensi-
tization in England [9], but no overall effect, although an
explanation of why the heterogeneity occurs cannot be
provided by these data alone. In ReykjavõÂk, Iceland and
Basle, Switzerland, with greater prevalence of sensitiza-
tion to Cladosporium (table 2), there appeared to be no
relation with BHR (fig. 2). There was no evidence, on
plotting the results, for any relation between effect size
and prevalence of sensitization, for Cladosporium, cat or
timothy grass.

Sensitization as measured by specific IgE was used in
preference to skin-prick tests because of difficulty in stan-
dardization of the latter [22], and because in the analysis
of the English data alone the explained variation in BHR
was not increased by inclusion of the additional allergens
[9]. The fifth regional allergen tested for specific IgE was
birch, Parietaria judaica or ragweed, according to indiv-
idual country choice. In the analysis of the English data
[9], sensitization to birch showed a negative relation with
BHR, i.e. increased "slope" in sensitized subjects.

Some studies [6] have used a higher cut-off point for
specific IgE for defining sensitization. The relations fo-
und here at the minimum detectable level after adjustment
for degree of sensitization suggest that the minimum level
should be used.

The conclusion from the English data that serum total
IgE is not associated with BHR after adjusting for specific
IgE can now be seen as a type II error. The consistent and
highly significant relation shown in table 3 encompasses
the nonsignificant estimate found previously [9]. SUNYER

et al. [23] reported that asthma and asthma or BHR were
associated with total IgE in the Spanish data after ad-
justing for specific IgE to five allergens. Total IgE was
also found to be an independent determinant of BHR,

after adjusting for specific IgE and skin-prick test-posi-
tivity, in the Italian data [7]. However, it cannot be ruled
out that adjustment for further allergens would remove
the relation of BHR to total IgE. Lack of power in indi-
vidual studies may explain some nonsignificant results,
but unless the effect size is reported it is not possible to
distinguish between lack of power and genuine hetero-
geneity.

The results of the analysis of PD20 (not shown) were in
accordance with those of "slope", but the analysis had less
power, and could only be carried out by country, with some
countries omitted in some analyses. "Slope" was devel-
oped for the ECRHS analyses [1, 15], and has been found
here to be a powerful tool. Although use of a continuous
outcome precludes estimation of attributable risk, as es-
timated in the Spanish data [4], the unimodal distribu-
tion of BHR [24, 25] militates against the use of any
cut-off point. Percentage variation explained is the equi-
valent measure of population effect for a continuous
outcome.

The results of the analysis of combinations of sensiti-
zation (table 5) served to show that the assumption of
additivity underlying table 3 was reasonable, but as data
for all centres could not be included in all of the com-
parisons, and degree of sensitization was not included, so
the results in table 3 are more informative. Subjects sen-
sitized to cat have, on average, a similar increase in BHR
to those sensitized to house dust mite, but the prevalence
of sensitization to cat is less than that to house dust mite
(table 2). Although exposure at some point in life is a
prerequisite for sensitization, there is limited information
on the relation between prevalence of sensitization and
prevalence of exposure. Table 6 shows that sensitization
to house dust mite was associated with a greater popu-
lation effect on BHR than sensitization to cat in more than
half of the centres participating in the ECRHS.

The difference in the relation of BHR to any degree of
sensitization to timothy grass, between those tested in the
summer and winter months, was not statistically signifi-
cant. This may have been due to lack of power to detect a
difference. The "summer" estimate was more than twice
the "winter" estimate and slightly greater than the increase
in BHR associated with sensitization to cat or house dust
mite.

Variation in bronchial hyperresponsiveness between
centres and countries can to some extent be explained by
variation in atopy, but the heterogeneity in the relations
of bronchial hyperresponsiveness to individual allergens

Table 5. ± Random effects meta-analyses by centre of associations* of "slope" with combinations of sensitization com-
pared to none

Heterogeneity

Sensitization+ df p-value Estimate 95% CI p-value

HDM only 33 0.005 -0.397 -0.570± -0.222 <0.001
Grass only 33 0.023 -0.282 -0.455± -0.113 0.001
Cat only 31 0.039 -0.650 -1.000± -0.300 <0.001
HDM+grass 33 0.112 -0.861 -1.069± -0.652 <0.001
Grass+cat 29 0.117 -0.644 -0.973± -0.314 <0.001
HDM+cat 31 0.004 -1.368 -1.843± -0.894 <0.001
HDM+grass+cat 33 0.289 -1.539 -1.778± -1.299 <0.001

*: adjusted for season of testing, baseline lung function, height, sex, age, smoking and age/sex and age/smoking interactions; +: titre
>0.35 kUA.L-1. df: degrees of freedom; CI: confidence interval; HDM: house dust mite.
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means that quantifying the extent is not straightforward.
When assessing the effects on bronchial responsiveness,
atopy should not be defined as a positive result to any one
of a panel of allergens, or degree by the number of positive
results or the sum of skin-prick test weal diameters. First,
the more allergens that are tested, the more likely an in-
dividual is to be reported atopic, although the evidence is
that this effect is small beyond three or four common al-
lergens. Secondly, the relation of bronchial responsiveness
to sensitization is not positive for all allergens in all places.
Thirdly, the size of relation varies beyond this, so the num-
ber of positive tests, or the sum of weal diameters, is a poor
measure of degree of sensitization. This was shown dir-
ectly by the reduction in variation in "slope" explained by
atopy alone compared to the individual specific IgE var-
iables. The relation of bronchial responsiveness to atopy
should be reported as the mutually adjusted effects for
individual allergens, and it is necessary to adjust in this
way when investigating the relation of bronchial respon-
siveness to other potential risk factors.
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Martinez-Moratalla, E. Almar (Albacete), J. Maldonado PeÂrez, A. Pereira,
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Table 6. ± The explained total variation and change in variation in bronchial hyperresponsiveness, as measured by the
European Community Respiratory Health Survey "slope", by specific immunoglobulin E (IgE) to four allergens

Centre
Total variation % Change in variation explained %

No specific
IgE*

All variables+

No titre or sensitization No sensitization
to Cladosporium

Single variable
for atopy

HDM Cat Grass

ReykjavõÂk 21.2 25.3 -0.3 -2.9 -0.7 0.0 -4.1
Bergen 15.5 19.5 -0.1 -2.9 -0.4 -0.1 -3.8
Gothenburg 15.8 26.2 -2.7 -4.6 -0.2 -1.1 -9.1
UmeaÊ 17.7 22.0 -0.1 -2.5 -0.5 -0.5 3.9
Uppsala 19.2 24.2 -0.5 -2.2 -1.8 -0.1 -3.5
Bergen op Zoom 21.6 31.3 -4.8 0.0 -1.4 -1.4 -8.2
Geleen 18.2 24.6 -1.9 -1.8 -0.3 0.0 -5.9
Groningen 25.5 34.5 -3.3 -2.2 -0.7 -0.4 -5.7
Antwerp 11.4 19.1 -0.9 -1.7 -1.5 -0.3 -5.6
South Antwerp 15.9 22.5 -0.7 -2.7 -3.5 -0.2 -5.5
Erfurt 19.6 21.0 -0.1 -1.0 0.0 0.0 -1.4
Hamburg 24.4 27.1 0.0 -2.4 0.0 0.0 -2.2
Basle 15.8 21.0 -2.5 -0.4 -0.7 0.0 -4.0
Bordeaux 13.1 24.6 -8.1 -1.1 -0.4 0.0 -9.4
Grenoble 22.1 25.2 -0.2 -0.2 -0.8 -0.3 -2.4
Montpellier 13.1 22.4 -4.3 -1.1 -1.9 -0.5 -5.0
Paris 15.3 25.0 -3.7 -3.7 -0.4 -0.2 -4.3
Cambridge 33.9 43.1 -1.4 -1.2 -1.2 -1.9 -5.8
Ipswich 30.4 43.1 -4.2 -0.8 -2.1 -2.5 -10.0
Norwich 23.5 30.0 -2.7 -0.3 -0.8 -0.3 -2.7
Dublin 21.2 32.6 -8.0 -1.0 -2.4 -0.7 -10.4
Pavia 17.8 23.8 -0.4 -1.8 -2.2 -0.2 -5.1
Turin 27.9 33.5 -0.9 -1.0 -2.8 -0.4 -1.7
Verona 24.6 31.1 -2.4 -0.5 -3.2 -0.5 -4.7
Albacete 25.0 31.2 -2.5 -1.1 -3.2 -0.3 -4.7
Barcelona 18.6 28.9 -2.1 -2.6 -1.2 -3.3 -10.3
Galdakao 19.9 25.0 -4.2 -0.3 -0.8 0.0 -4.0
Huelva 22.4 34.2 -3.8 -2.0 -5.2 -0.1 -5.5
Oviedo 26.7 29.7 -1.8 -0.9 -0.9 -0.8 -2.8
Christchurch 22.1 28.8 -2.2 -0.7 -1.1 -1.3 -5.1
Hawke's Bay 27.9 38.8 -4.7 -0.1 -4.1 -0.2 -10.1
Wellington 22.4 30.8 -5.6 -0.8 -0.5 0.0 -6.5
Melbourne 31.4 37.9 -4.1 -1.6 -0.6 -0.2 -4.3
Portland 14.5 18.7 -1.0 -0.7 -1.9 -0.7 -2.3

*: model included log total IgE adjusted for season of testing, baseline lung function, height, sex, age, smoking and age/sex and age/
smoking interactions; +: as first column plus titres of house dust mite (HDM), cat and timothy grass-specific IgE and sensitization to
Cladosporium, HDM, cat and timothy grass. Locations of centres are shown in table 1.
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