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ABSTRACT:  The purpose of this study was to determine whether the presence of
serum specific immunoglobulin E (IgE) antibodies was associated with increased
bronchial responsiveness in adults. 

We studied cross-sectionally a random community sample of 18–73 year old adults,
of whom 83% (n=489) performed bronchial responsiveness testing as well as serum
measurements of five specific IgE antibodies. 

In the crude data, 39% of those with house dust mite antibodies (n=18) had a
bronchial responsiveness ≤32 g·L-1 methacholine compared with 19% in subjects
without any of the five specific IgE antibodies (n=453). The corresponding per-
centages for subjects with timothy antibodies (n=16) was 25%, birch antibodies
(n=13) 23%, cat antibodies (n=10) 40% and mould antibodies (n=2) 50%. When
assessing the multivariate relationship between the presence of one specific IgE anti-
body and degree of bronchial responsiveness we used a  semi-proportional hazards
model with the response as a 20% fall in forced expiratory volume in one second
(FEV1) from pretest value. Covariates included in the model were: gender, age,
pretest FEV1, smoking habits, pack-years, season and other specific IgE antibodies
than that examined.  The presence of house dust mite antibodies was a significant
predictor (p<0.01) of increased bronchial responsiveness in never- and ex-smokers.
Indoor allergic sensitization (house dust mite, cat and mould) was a significant pre-
dictor of increased bronchial responsiveness, while outdoor allergic sensitization
(timothy and birch) was not.  Excluding subjects with obstructive lung disease (n=39)
or including the covariate log total serum IgE as a potential confounder yielded the
same result.  

Thus, in this community, indoor allergic sensitization rather than allergic sensi-
tization per se was related to increased bronchial responsiveness after adjusting for
other relevant covariates.
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Allergen challenge has been shown to influence the
degree of bronchial responsiveness  to nonsensitizing sti-
muli [1]. A number of studies in children  [2–4] as well
as in adults with allergy skin test reactivity [5–9] have
documented increased bronchial responsiveness, although
not all studies have shown this relationship [10, 11].  Fur-
thermore, in children, increased bronchial responsiveness
has been associated with specific allergy against indoor
allergens (house dust mite, cat, dog and mould) rather
than against outdoor allergens (tree and grass pollen)
[12–16].  However, it has not yet been established whether
this applies to adults from a general population. 

In a cross-sectional community study in Norwegian
adults [17–19], we wanted to determine whether allergy,
assessed as the presence of some common serum speci-
fic immunoglobulin E (IgE) antibodies, was associated
with increased bronchial responsiveness to nonsensitiz-
ing stimuli. Furthermore, we wanted to discover whether
these relationships were influenced by demographic and
environmental factors.

Material and methods 

Study design 

The survey was a two-phased, cross-sectional study
performed in the city of Bergen, Norway and 11 surroun-
ding municipalities. A random sample of 3,740 adults
were sent a postal questionnaire in 1985 and altogether
3,370 persons (90%) responded. A random sample of
these responders (n=595) was invited to attend a clinical
examination, which included completion of a question-
naire on smoking habits, spirometric measurements, blood
sampling and a test of bronchial responsiveness [20].
The survey was approved by the Regional Committee of
Medical Research Ethics.  

Smoking habits  

Never-smokers were subjects who had never smoked
daily.  Ex-smokers were subjects who had smoked daily



and given it up.  Nonsmokers were never-smokers and
ex-smokers combined.  Smokers were those who smoked
daily at the time of the study. The amount of lifetime
smoking was assessed as pack-years. The answers on
smoking habits were validated by carboxyhaemoglobin
measurements of venous blood samples with an OSM3
Hemoximeter (Radiometer, Denmark) [19]. 

Blood sampling  

Total and specific serum IgE concentrations were mea-
sured by a double antibody radioimmunoassay and by a
radio allergosorbent test (RAST)  (Pharmacia, Sweden),
respectively [21].  Specific IgE levels for birch, cat, house
dust mite, mould and timothy were considered positive
if Phadebas RAST  class was ≥2 ( ≥0.70 Phadebas RAST
units·mL-1). 

Season

The pollen season for birch is May, for timothy from
June to July, and for mould from late June to August
[22]. Mould and house dust mite are indoor allergens all
year round due to the mild and wet climate [23].  

Spirometry

The forced vital capacity (FVC) and the forced expi-
ratory volume in one second (FEV1) were measured with
Gould 2100 pulmonary function laboratory equipment
(SensorMedics BV, Bilthoven, The Netherlands). The
highest FEV1 measurement was used in the analysis [21].
Airway calibre was examined in terms of FEV1 (L).  The
reference values were taken from a previous Norwegian
study [24]. FEV1 is also given as sex, age and height
standardized residuals (SFEV1) [25].

Bronchial responsiveness to nonsensitizing stimuli

A Wright nebulizer was driven by air at a flow rate of
8 L·min-1 and calibrated to give an output of 0.14 mL·min-1.
The nebulizer was primed with a 3 mL solution of metha-
choline chloride.  The subjects wore a noseclip and inhal-
ed the aerosol via a mouthpiece, breathing tidally for 2
min at 5 min intervals. Pretest FEV1 was taken as the
highest of three measurements within 0.3 L. Subjects
with a pretest FEV1 ≥80% of predicted value and with-
out a diagnosis of obstructive lung disease started with
a methacholine concentration of 2 g·L-1, whereas sub-
jects with a pretest FEV1 of 60–80% of predicted value
or with a diagnosis of obstructive lung disease started
with a methacholine concentration of 0.5 g·L-1.  Obstruc-
tive lung disease included both bronchial asthma and
chronic obstructive lung disease [26].  After each inhala-
tion, one technically satisfactory FEV1 measurement was
obtained at 30 and at 90 s, of which the lowest value
was recorded. If FEV1 fell less than 10% of the pretest
value after an inhalation, a fourfold higher concentra-
tion was given next.  If FEV1 fell by 10–20% of the pre-
test value, a twofold higher concentration was given. The

test was stopped if FEV1 fell by ≥20% of the pretest
value or a concentration of 32 g·L-1 had been given.  The
degree of responsiveness was expressed as the concen-
tration of methacholine provoking a 20% fall in FEV1
from pretest value (PC20). PC20 was calculated by lin-
ear interpolation between the results of the last two inha-
led concentrations of methacholine [20]. Each subject
was then given five inhalations of salbutamol (500 µg),
and FEV1 was measured until it rose to at least 95% of
the pretest value.

Statistical analyses 

The cumulative proportion of subjects with bronchial
responsiveness was estimated in subgroups by the Kaplan-
Meier method for survival times (i.e. PC20), and groups
were compared by the log rank test.  Multivariate analy-
ses of bronchial responsiveness were performed with a
semi-proportional hazards model stratified on smoking
habits [27–29]. This model relates the risk (hazard) of
bronchial responsiveness (outcome) to the presence of
specific IgE antibodies after adjustment for potential con-
founders: sex, age, lifetime smoking consumption, sea-
son, as well as total serum IgE level.  The hazard function
is the instantaneous risk of bronchial response (fall in
FEV1 ≥20%) at a specific dose of methacholine (PC20)
given no response at lower doses (see appendix). The re-
gression coefficients of the model facilitate calculation
of the adjusted effects of each variable on the hazard
function in terms of the hazards ratios and 95% confi-
dence intervals (95% CI).  When not reaching bronchial
response, the values were considered to be censored at the
highest PC20 level tested.

In addition, logistic regression analyses were preformed,
assessing the bronchial responsiveness with a cut-off level
of PC20 ≤32 g·L-1 (outcome) and with the same covari-
ates as in the preceding analyses.  The two methods yield
similar conclusions.  The main results are presented as
assessed by the proportional hazards model for the fol-
lowing reasons. Firstly, the proportional hazards model
gives an overall estimate of the risk of having a positive
bronchial response at any dose level given no response
at lower doses of methacholine, while the logistic regres-
sion model refers to a certain cut-off value. Secondly,
the proportional hazards model takes into account the
exact dose value for bronchial response or the highest
dose level obtained without response. Thirdly, in con-
trast to the logistic regression analysis, the proportional
hazards model uses the data from all individuals tested,
including those who withdrew from the test at low doses
without obtaining bronchial response. This is reflected in
more narrow confidence intervals in the proportional
hazards model than in the logistic regression model.

The  statistical analyses were performed with the BMDP
package [30] and a significance level of 0.05 was applied.

Results

Altogether, 489 subjects performed bronchial respon-
siveness testing as well as serum measurements of total
and specific serum IgE antibodies. Compared with females,
males had significantly higher percentage of ex-smokers,
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were more house dust mite positive, and had higher mean
log total serum IgE level and lower lung function (table 1). 

Kaplan-Meier estimates of cumulative bronchial respon-
siveness to methacholine given as PC20 ≤8 and as PC20
≤32 g·L-1 are presented by serum specific IgE results as
well as season (table 2). Subjects with house dust mite
antibodies examined in this survey had significantly higher
prevalences of bronchial responsiveness (PC20 ≤32 g·L-1)
than subjects without any of the five specific IgE anti-
bodies examined. There was no statistical variation of
prevalences of bronchial responsiveness by total serum
IgE level and season of the year (table 2).  

A multivariate survival analysis was applied when asse-
ssing the relationship between specific sensitization and
the degree of bronchial responsiveness. The hazards ratios
for bronchial responsiveness were proportional for males
and females, for 10 year age groups, for pretest FEV1
(L), but not for smoking habits. Therefore, a semi-pro-
portional survival analysis (Cox model) stratified on smo-
king categories (never-smokers, ex-smokers and smokers)
was applied. The final model is presented in table 3.
Males had a higher bronchial responsiveness than fema-
les, especially in ex-smokers, with a significantly increa-
sed hazards ratio. Furthermore, increasing age as well as
increasing pretest FEV1 was associated with a decrease
in bronchial responsiveness. These latter relationships
did not differ significantly by smoking categories.  Finally,
the group of never-smokers and ex-smokers with house
dust mite sensitization had a 7.4 times higher hazard for
bronchial responsiveness than those without sensitiza-
tion. In smokers, there was only a slight increase of bron-
chial responsiveness in house dust mite positive subjects
compared with negative subjects. None of the other four
specific IgE antibodies were significant predictors of
bronchial responsiveness in the final model. However,
the presence of cat antibodies was of borderline signifi-
cance (p=0.08). In never- and ex-smokers, the effect on
bronchial responsiveness of having cat antibodies was
almost as great as having house dust mite antibodies
(table 3).

A dose-response relationship was observed between
Phadebas RAST classes of house dust mite antibodies
(class 0 (n=469), class 1 (n=2), class 2 (n=10), class 3 (n=
4) and class 4 (n=4)) and increased bronchial responsive-
ness in the crude data as well as after adjusting for air-
way calibre, sex, age, smoking habits, lifetime smoking
consumption and season in the semi-proportional Cox
model (hazards ratio per increasing Phadebas RAST class:
1.5; 95% CI 1.1–2.2).

Excluding subjects with obstructive lung disease (n=39)
from the analysis or including log total serum IgE as a
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Table 1.  –  Characteristics of the study population by
sex (n=489)

Variables Males Females
(n=249) (n=240)

Age# yrs* 42 (16) 43 (16)
Smoking habits  %

Smokers 39 40
Ex-smokers 27 17
Never-smokers 34 43
Pack-years#

Ex-smokers 14.7 (9.8) 10.5 (8.4)
Smokers 14.8 (13.2) 8.2 (10.0)

Specific serum IgE antibodies  %
House dust mite 6.0 1.3
Timothy 4.8 1.7
Birch 3.2 2.1
Cat 3.2 0.8
Mould 0.4 0.4

Total serum IgE  kU·L-1

Log IgE# 1.33 (0.68) 1.21 (0.60)
Geometric mean 21.4 16.2

SFEV1† -0.51 (1.33) -0.27 (1.35)

#: mean and SD in parenthesis; *: age at 31st December 1987;
†: SFEV1 - sex, age and height standardized residuals of forced
expiratory volume in one second from [24].  IgE: immunoglobu-
lin E.

Table 2.  –  Cumulative proportion of subjects with bronchial responsiveness* to
methacholine by presence of specific and total IgE antibodies as well as season in
a Norwegian general population (n=489)

PC20 g·L-1 p-value
Subjects ≤8 ≤32 logrank

Variables n n % n % test

Specific serum IgE antibodies
None positive 453 27 6 86 19
House dust mite 18 2 11 7 39 0.02†

Timothy 16 2 13 4 25 0.59†

Birch 13 0 0 3 23 0.81†

Cat 10 1 10 4 40 0.11†

Mould 2 1 50 1 50 0.10†

Any of these five antibodies 36 3 8 11 31 0.09†

Log serum total IgE kU·L-1

≤1.27 (geometric mean 18.6) 245 17 7 49 20 0.69
>1.27 244 12 5 49 20

Season#

Summer months 212 8 4 36 17 0.71
Winter months 277 22 8 53 19

*: Estimated in Kaplan-Meier survival analysis; †: compared to those without any of the five
antibodies; #: winter months, i.e. October until March, summer months, i.e. April until
September. PC20: provocative concentration of methacholine causing a 20% fall in forced
expiratory volume in one second; IgE: immunoglobulin E.



covariate had virtually no influence on the magnitude or
significance of the independent effects listed in table 3.  

Figure 1 shows the cumulative proportion of subjects
with bronchial responsiveness (PC20) for males (fig. 1a)
and females (fig. 1b), respectively, with and without
house dust mite antibodies.  The fraction of house dust
mite positive males was slightly larger than that of house
dust positive females.  Younger subjects, independent of
gender, had a larger fraction with bronchial responsive-
ness than older subjects. Never-smokers had greater

bronchial responsiveness than smokers, independent of
gender. In the figure, due to the low number of house
dust mite positive ex-smokers (n=3), we have presented
the results for never-smokers and smokers only.  However,
the ex-smokers tended to behave as the never-smokers.

In order to increase the power of the statistical ana-
lyses, subjects have been grouped according to their
environmental exposure into those with indoor allergic
sensitization (RAST positivity to house dust mite and/or
mould and/or cat) as contrasted to those with outdoor
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Table 3.  –  Final semi-proportional hazards model* for bronchial responsiveness of methacholine (PC20) in a
random sample of Norwegian adults (n=489)

Covariates Smoking Regression SE Hazard 95% CI p-value for
groups coefficient ratio main effects

Sex† <0.01 a

Never-smoker 0.50 0.55 1.64 0.56–4.85
Ex-smoker 1.57 0.47 4.82 2.49–12.1

Smoker 0.38 0.40 1.46 0.82–2.23
Age (in 10 yrs) -0.50 0.11 0.60 0.49–0.75 <0.01 b

Pretest FEV1 (L) -2.04 0.23 0.13 0.08–0.20 <0.01 b

House dust mite antibodies# <0.01 a

Never-/ex-smoker 2.00 0.60 7.36 2.28–24.0
Smoker 0.52 1.20 1.68 0.16–17.6

Cat antibodies# 0.08 b

Never-/ex-smoker 1.63 0.66 5.08 1.40–18.6
Smoker -1.16 1.28 0.31 0.03–2.85

*: stratified by smoking habits (never-smokers, ex-smokers and smokers); †: male=1, female=0; #: ≥0.70 Phadebas RAST
units·mL-1. Tests for interaction with smoking habits: a,b: p=0.04, p=NS, respectively.  95% CI: 95% confidence interval;
FEV1: forced expiratory volume in one second; RAST: radioallergosorbent test; PC20: provocative concentration of metha-
choline causing a 20% fall in FEV1.

Fig. 1. –  Estimated* cumulative proportion of bronchial responsiveness to methacholine in a) males and b) females with (    ) and without 
(       ) serum house dust mite antibodies (≥0.70 Phadebast RAST units·mL-1) by smoking status (Never-smokers and smokers) and age. *: estimated
from a semi-proportional hazards model for the least methacholine dose (PC20) giving bronchial responsiveness defined as a 20% fall in forced expi-
ratory volume in one second (FEV1) from pretest value. All curves shown are for subjects with an initial FEV1 of 4.0 L. RAST: radioallergosorbent
test.
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allergic sensitization (RAST positivity for birch and/or
timothy).  When applying the  multivariate model described
in table 3, indicators of indoor and outdoor allergic sen-
sitization were used as covariates instead of specific sen-
sitization. Subjects with outdoor allergic sensitization had
a hazards ratio of 1.0 (95% CI 0.4–2.5) for having a posi-
tive bronchial response compared to those without any
allergic sensitization.  Subjects with indoor allergic sen-
sitization had a significant hazards ratio of 3.5 (95% CI
1.1–12.0) for positive bronchial response compared to
those without any sensitization.  Making the groups with
indoor and outdoor allergic sensitization exclusive, the mag-
nitude of the effects remained unaltered. The relationship
between indoor allergic sensitization and bronchial respon-
siveness varied significantly (p=0.02) by smoking habits
in the total material.  Current smokers had a hazards ratio
of 1.8 (95% CI 0.5–7.1) versus nonsmokers with a haz-
ards ratio of 5.6 (95% CI 1.9–16.4). 

Logistic regression analyses were also performed, with
the same covariates as in the model described in table 3
and with a cut-off level of PC20 ≤32 g·L-1 methacholine.
The adjusted odds ratios for bronchial responsiveness in
subjects with indoor allergic sensitization compared to
those without any sensitization was 4.3 (95% CI 1.3–14.8),
while the corresponding figure for outdoor allergic sen-
sitization was 1.0 (95% CI 0.3–3.4).  Subjects with indoor
allergic sensitization compared to those without any sensi-
tization had an adjusted odds ratio of 14.5 in nonsmokers
(95% CI 2.9–71.8) for bronchial response, while it was
0.7 in current smokers (95% CI 0.1–5.3). The adjusted
odds ratio for house dust mite sensitized nonsmokers
compared with those without any sensitization was 13.0
(95% CI 2.4–70.8).   

Discussion

In this cross-sectional study, we observed that the pre-
sence of serum house dust mite antibodies, indicating
sensitization, was associated with increased bronchial res-
ponsiveness to nonsensitizing stimuli in adults of a com-
munity. Furthermore, our data indicate that the relationship
between serum specific IgE antibodies and bronchial res-
ponsiveness was related to indoor allergic sensitization
(house dust mite, cat and mould), but not to outdoor
allergic sensitization (timothy and birch). These relation-
ships were most pronounced in never-smokers and ex-
smokers, and remained significant after excluding subjects
with obstructive lung disease. 

The relationship between skin-test reactivity and bronch-
ial responsiveness to nonsensitizing stimuli, mostly grouped
as one or more positive tests, has been assessed previously
[6, 7, 9, 11, 31]. The knowledge of the relationship be-
tween allergic sensitization, assessed by serum specific
IgE antibodies, and bronchial responsiveness to nonsen-
sitized stimuli is limited [13], and has been pursued in
adults. Our data thus add complementary knowledge of
adults in a community and raise the question of whether
this relationship is limited to specific and possibly indoor
allergic sensitization, at least in our environment with
rather airtight houses, and not to allergic sensitization
per se.

Selection bias may affect the results in cross-sectional
community studies.  However, the subjects in this survey
were selected randomly from the community, regardless

of allergic status.  Furthermore, the attendance rate was
high. Recall bias is unlikely to influence our results, since
both the sensitization status (specific IgE antibodies) and
the outcome variable (bronchial responsiveness) were ba-
sed on objective measurements. Smoking status, a pos-
sible confounder, might be influenced by recall bias.
However, using the smoking status from the question-
naire or the carboxyhaemoglobin measurements in the
final analysis revealed basically the same results. 

The sensitivity of specific IgE analyses by RAST ap-
pears to be somewhat lower than for skin-prick testing,
although this varies substantially according to the method
applied, cut-off point and specific allergen [32–34]. The
specificity for the RAST is high. These two test charac-
teristics may tend to underestimate the positive relation-
ship between the presence of serum specific IgE antibodies
and increased bronchial responsiveness. 

In a study of 23–45 year old Australian adults, no rela-
tionship was observed between number of positive skin
tests and bronchial responsiveness [10], when using a
single dose of methacholine. Another negative study was
reported from the USA [11], including 171 randomly sel-
ected adults. The low number of subjects or the chal-
lenge procedure applied, which consisted of cold air
hyperventilation, may explain these negative studies. 

In a later Australian study [6], including adults with a
higher mean age (50 yrs), an increased bronchial respon-
siveness was observed in those with positive skin prick
tests compared with those without (odds ratio (OR) 2.3).
In 504 grain-handlers, a greater methacholine airway
responsiveness was observed among males with positive
skin tests to common allergens than among those with
negative skin tests [31].  In a British study of 18–64 year
old adults, a positive association was observed between
skin test reactivity and histamine airway responsiveness,
but diminished with advancing age [7]. Among subjects
over 55 yrs of age in that study, nonsensitizing airway
responsiveness and skin test reactivity appeared unrela-
ted. This may be due to the low prevalence of skin test
reactivity in older subjects. In our study, we also had
low numbers of sensitized subjects above 55 yrs of age
[21]. When assessing the multivariate relationship bet-
ween sensitization and bronchial responsiveness by age
the estimates were unstable, leaving us unable to report
estimates of this relationship.

A dose-response relationship between the degree of
atopy and the severity of airway responsiveness was
observed in an Australian study [6]. A recent publication
confirmed increasing odds ratios for bronchial respon-
siveness with increasing skin-prick test positivity [9].
We also observed a significant relationship between the
level of house dust mite antibodies, given as Phadebas
RAST classes, and increased bronchial responsiveness
indicating a dose-response relationship.       

Males had higher bronchial responsiveness to nonsen-
sitizing stimuli than females after taking airway calibre
into account, especially in ex-smokers.  One may specu-
late as to whether male smokers with respiratory symp-
toms, including increased bronchial responsiveness, may
stop smoking more readily than female smokers with such
symptoms - indicating a "healthy smoker effect".  Higher
smoking consumption and additional airborne occupa-
tional exposure among males than among females in  our
study may furthermore influence this relationship. 
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In studies among adults, the odds ratios for the asso-
ciation between skin test reactivity and increased airway
responsiveness ranges 0.6–2.6.  However, it is higher in
children [35, 36]. BURNEY et al. [7] proposed that the
determinants of airway responsiveness are different in
different age groups, with allergy playing a more dom-
inant role in younger subjects, which is in accordance
with our findings.  In our total series of nonsmokers, we
observed a hazards ratio of 5.7 for bronchial response in
those with indoor allergic sensitization compared to those
without any sensitization. In subjects below 40 yrs of
age, the corresponding hazards ratio was 7.2, indicating
a stronger relationship with decreasing age. 

The relationship between presence of house dust mite
antibodies and degree of bronchial responsiveness to non-
sensitizing stimuli differed by smoking habits. Ex-smok-
ers and never-smokers with house dust mite sensitization
appeared in analyses with semi-proportional hazards, as
well as logistic regression models, to be more susceptible
to increased bronchial responsiveness than smokers.  How-
ever, when stratifying the material at age 45 yrs, we ob-
served that in subjects below 45 yrs of age the positive
relationship between house dust mite sensitization (or
indoor allergic sensitization) and increased bronchial res-
ponsiveness was almost of the same magnitude in current
smokers (hazards ratio 5.7; 95% CI 1.7–18.9) as in non-
smokers (hazards ratio 6.3; 95% CI 1.1–36.4).  This sug-
gests that there is an interaction between age and smoking
habits with respect to sensitization and bronchial respon-
siveness.  The interpretation of such cross-sectional stud-
ies as the present one may be limited by potential selection
processes: a high degree of airway responsiveness may be
associated with intolerance to tobacco smoke, implying
that individuals with higher levels of responsiveness may
be less likely to become and continue as regular smok-
ers. Such a self-selection effect may result in a "healthy
smoker effect", tending to obscure a possible causal rela-
tionship between smoking and heightened responsiveness.

Bronchial mucosal inflammation resulting from anti-
gen exposure is likely to be, at least partly, responsible
for the association between allergic sensitization and
heightened airway responsiveness. Such inflammation
may result in damage to the respiratory epithelium, sub-
mucosal oedema, and alteration to the neural mechanisms
involved in the regulation of bronchial smooth muscle
tone. Furthermore, the eosinophils and eosinophil major
basic protein may play a role in enhancing bronchial res-
ponsiveness. By these mechanisms, allergic airway in-
flammation may increase nonsensitizing responsiveness.
Alternatively, allergic sensitization and increased bronc-
hial responsiveness could be linked genetically or share
a common underlying cause [35].

Atopic asthmatics display much greater nonsensitizing
airway responsiveness than nonasthmatic subjects with
allergic rhinitis despite similar skin test reactivity and
total serum IgE level [37].  In our survey, the relation-
ship between serum specific allergy and bronchial  respon-
siveness remained significant and of the same magnitude
after excluding subjects with obstructive lung disease.

In this study with a limited number of subjects and
with a significance level of p=0.05, we have estimated
that we needed a doubling or more of the prevalence of
allergic sensitization to gain a power of 0.80.  This is
approximately what we observed for subjects with or

without house dust mite sensitization (39 versus 19%)
with a cut-off level of ≤32 g·L-1 methacholine.  Power
calculations should ideally be performed before design-
ing a study. However, when planning this study we lack-
ed knowledge of prevalences of serum specific allergic
sensitization in any Norwegian community.  In order to
increase the power of the study, we have grouped sub-
jects into two categories (indoor and outdoor allergic sen-
sitization), chosen an appropriate statistical method as well
as performed optimal multivariate adjustment for con-
founding factors.

House dust mite sensitization and indoor allergic sen-
sitization, grouping house dust mite, cat and mould, were
significant predictors of increased bronchial responsive-
ness to nonsensitizing stimuli in the final analyses.   Al-
though we were not able to show significant effects of
having cat and mould antibodies, there might be such
independent effects.  Due to the impaired power of the
study, we are cautious in drawing firm conclusion con-
cerning these effects.

The close relationship between house dust mite and
indoor allergic sensitization on the one hand and increased
bronchial responsiveness to nonsensitizing stimuli as well
as impaired lung function [18], two common indices of
obstructive lung disease, on the other, indicate that serum
specific allergic sensitization may be of causal impor-
tance in the development of this common disorder.

Acknowledgements: The authors thank B. Meidell and L.
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Appendix

Traditionally, bronchial responsiveness has been analysed
by means of logistic regression analyses expressing the
association between an explanatory variable and respon-
siveness at a given dose (d)  in terms of the (adjusted) odds
ratio (OR):

p1/(1-p1)
ORd =

p0/(1-p0)
where p1 and p0 are the probabilities of bronchial response
for two values of the explanatory variable up to and
including a dose equal to d.  In practice, the odds ratio
is often estimated for only one, or maybe two, selected
values of d.  However, ORd may vary considerably with
d and will approach 1 as d goes to infinity.

In a survival model for bronchial responsiveness, we
can describe the ORd for all doses (d) by estimating the
survival functions S1(d) = 1 - p1 and S0(d) = 1 - p0 for
all doses.  In this model, it is convenient to express the
association by the hazards ratio:

h1(d)
HRd =

h0(d)
where h1(d) is the instantaneous risk of bronchial response
(fall in FEV1 ≥20%) at dose (d), given no response until
d and can be calculated from the corresponding S1(d).
Unlike the ORd it is often reasonable to assume that HRd
is constant over d. 

For ORs and logistic regression, adjusted HR can be
readily estimated in a multivariate setting within the Cox
proportional hazards model.  The estimated survival cur-
ves can then be translated to ORs at any dose level.
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