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The aim of the analysis was to test whether total serum IgE levels, specific
serum IgE levels, and asthma symptoms are independent predictors of
bronchial hyperresponsiveness (BHR), after controlling for known risk
factors or potential confounders. The study was carried out on a sample of
875 young adults, 20-44 years old, who took part in the European
Community Respiratory Health Survey in Italy The subjects underwent a
dose-response methacholine challenge test. We also measured airway caliber
as the baseline FEV, in absolute terms and as percentage of forced vital
capacity (FVC); skin wheal response to 11 common environmental
allergens; and total and specific serum IgE levels to mites, molds, pets, and
respiratory symptoms by means of a standardized questionnaire. Atopy
(positive skin prick test and/or positive specific IgE assay), total IgE,
asthma symptoms, airway caliher, and age appeared to be independent
predictors of BHR. When all the other risk factors were taken into account,
atopy and total IgE were associated with a threefold increase in BHR risk
and thus emerged as the main determinants of BHR. The importance of
symptom status as a determinant of BHR decreased remarkably after
controlling for atopy and IgE: the odds ratio of current asthmatics to
asymptomatic subjects decreased from 15.3 to 8.8. When controlling for
symptoms and atopy, a family history of allergic diseases and early
respiratory infections was not found to be associated with BHR. Both
FEVi and FEV,/FVC were strongly and inversely associated with BHR.
When airway caliher was taken into account, older age was associated
with decreased responsiveness, and the level of responsiveness did not differ
significantly between males and females and between smokers and
nonsmokers. The results from this analysis indicate that at any given age,
irrespective of sex and smoking habits, total serum IgE, specific IgE, airway
caliber, and asthma symptoms are the main independent factors influencing
the occurrence of BHR in a young adult sample.
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Epidemiologic and clinical studies on the biologic
characteristics associated with bronchial hyper-
responsiveness (BHR) have demonstrated that
increased airway responsiveness is a common,
though nonspecific, feature of subjects with bron-
chial asthma (1-3). In addition to respiratory

diseases, various other factors may be associated
with BHR. Previous reports have almost invariably
shown that sensitization to common allergens is a
strong predictor of BHR (4-6). Furthermore,
recent population studies have demonstrated an
association between prevalence of asthma (defined
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by symptoms and BHR) and total immunoglobulin
E (IgE) serum levels, independent of specific IgE
(7), suggesting a close interrelationship between
total IgE and BHR, even in nonatopic subjects.

The prevalence of BHR is also influenced by sex,
age (8, 9), cigarette smoking (10, 11), and airway
caliber (8, 12). These observations are a proof of
the complex, multifaceted, pathogenetic mecha-
nism which contributes to the development of
increased BHR.

In most of the studies on factors associated with
bronchial responsiveness, either the effects of vari-
ous determinants were evaluated separately, or the
study was not designed to check all the relevant
confounders (2, 12, 13). Furthermore, no previous
investigation has looked at the potential indepen-
dent role of total and specific IgE.

The aim of this analysis was to evaluate the
independent role of different clinical or physiologic
factors in explaining individual variability in
methacholine-induced bronchoconstriction in young
adults. In particular, we tested whether total IgE,
atopy, and asthma symptoms are independent
predictors of BHR, after controlling for known risk
factors and potential confounders. The data pres-
ented were collected within the European Commu-
nity Respiratory Health Survey (ECRHS), in a
population sample from Verona, Pavia, and Turin,
three cities in northern Italy.

Material and methods
Subjects

The ECRHS is an international, multicenter survey
of the prevalence, determinants, and management
of asthma (14). In Italy, the ECRHS involved three
cities: Pavia, Turin, and Verona.

The design of the ECRHS involved two stages.
In the first stage (15, 16), a screening questionnaire
on respiratory symptoms was mailed to a random
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These results are from a local analysis of data collected for the
European Community Respiratory Health Sur\'ey (ECRHS). Any
final international comparison may use a different form of analysis.

sample of 20-44-year-old men and women. In the
second stage (17), a 20% random sample of those
who had answered the mailed questionnaire were
invited to the local chest clinic, where they under-
went a standardized clinical interview, allergic skin
tests, and bronchial challenge with methacholine.
Subjects who, in the screening questionnaire, had
reported asthma attacks, taking medicine for
asthma, or waking up because of breathlessness,
were also asked to attend stage 2.

Of the 6031 subjects who had returned the
questionnaire, 1835 were invited to the clinical
centers. Of these, 899 agreed to take part in stage
2, and there was a 49% attendance rate. In addi-
tion, the clinical centers recruited a further 190
subjects who had reported asthma-like symptoms
in the screening questionnaire and 15 subjects who
had refused to attend stage 1; a total number of
1104 ECRHS stage 2 attenders was thus reached.
Of these, 229 subjects (20.8%) either were not
eligible for the challenge, refused to undergo the
test, or were excluded from the analysis because of
incomplete information.

Therefore, a total of 875 subjects formed the
study group.

Questionnaire and interview information

Data on age, sex, smoking habits, early respiratory
infections, family history of asthma/allergy, and
symptoms were collected by means of the ECRHS
standardized clinical interview (18) administered
by medical doctors.

According to the symptoms reported, subjects
were classified into six mutually exclusive sub-
groups:

1) "current asthma", comprising subjects who
reported having had an asthma attack during the
previous 12 months and/or who were using
asthma drugs at the time of the interview

2) "past asthma", comprising subjects not belonging
to group 1 but reporting asthma attacks at any
time during their life

3) "wheezing and shortness of breath", comprising
subjects who had not been included in groups 1
and 2 but who reported at least one of the
following symptoms: wheezing or whistling in
the chest, awakening with a feeling of chest
tightness, shortness of breath at rest or after
strenuous activity, and awakening because of an
attack of breath shortness during the previous
12 months

4) "allergic rhinitis/eczema", comprising subjects
not belonging to groups 1-3 but reporting at
least one of the following symptoms: nasal allergy,
including hay fever, eczema, and difficulty with
breathing after taking medicines
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5) "cough and phlegm", comprising subjects not
included in groups 1-4 but who reported at
least one of the following symptoms: waking
up because of an attack of coughing during the
last 12 months, habitual cough in the morning
or during the day, and habitual phlegm during
winter

6) "no symptoms", comprising the remaining
subjects, who had reported no symptoms in the
ECRHS clinical interview.

The subjects' smoking habits were classified into
the following mutually exclusive groups:

1) "nonsmokers" - subjects who had not smoked
for as long as 1 year; i.e., subjects who had not
smoked at least 20 packs of cigarettes or 360 g
of tobacco in their lifetime, or at least one
cigarette a day or one cigar a week for 1 year

2) "ex-smokers" - subjects who had smoked for
at least 1 year but not during the last month

3) "smokers" - subjects who had smoked for at
least 1 year and also during the last month.

A family history of asthma/allergy was consid-
ered to be present when subjects declared that their
mother, father, brothers, or sisters had had asthma
or eczema, skin or nasal allergy, or hay fever.

The question to detect early respiratory illness
was as follows: "Did you have a serious respiratory
infection before the age of five?"

Total and specific IgE and skin prick test

Serum IgE was measured by taking 10 ml of venous
blood from each subject who consented. The sample
was then sent on dry ice to a central laboratory
at Pharmacia Diagnostics AB (Uppsala, Sweden),
according to the European protocol (14).

Specific and total IgE was measured by the
Pharmacia CAP System. The working range for the
assay of total IgE was 2 kilounits per liter (kU/1)
to 2000 kU/1. For this analysis, total IgE was
categorized into the following three levels: <150
kU/1; >150 kU/1; and unknown (for missing data).

All assays for specific IgE were judged to be
positive if they were greater than 0.35 kU/1 (i.e.,
the lower limit of detection of the assay) for the
specific allergen. Specific IgE was measured against
Dermatophagoides pteronyssinus, timothy grass,
cat, Cladosporium herbarum, and Parietaria judaica.

Skin testing was done with Phazets (Pharmacia
Diagnostics AB, Uppsala, Sweden).

The allergens selected for use in all ECRHS
areas were those of D. pteronyssinus, cat, Alternaria
altemata, C. herbarum, timothy grass, birch, P.
judaica, olive, ragweed, and, in Italy, D. farinae and
Artemisia vulgaris.

Fifteen minutes after the application of allergens,
wheal size was recorded as the mean of the long
axis and its perpendicular. The skin prick test was
judged to be positive in the case of one or more
wheal diameters of >3 mm.

Atopy was considered to be present when the
skin prick test and/or the specific IgE assay were
positive; to be absent if both the skin prick test and
specific IgE were negative; and to be unknown in
the remaining cases.

Bronchial responsiveness

One-second forced expiratory volume (FEV,) and
forced vital capacity (FVC) were measured with a
water-sealed spirometer (Biomedin, Padova, Italy),
according to the recommendations of the European
Respiratory Society (19). All subjects who were suf-
fering from heart disease or epilepsy, were pregnant
or breast-feeding, or were taking beta-blockers
were excluded from the methacholine challenge.
Subjects with the best initial FEV, lower than 70%
of the predicted value or postdiluent FEV, lower
than 90% of the initial FEV, were also excluded.

The methacholine challenge (20) (Provocholine,
Hoffman La Roche, Basel, Switzerland) was car-
ried out with an ampoule-dosimeter device with an
output of 10 fil/breath, triggered by an inspiration-
activated solenoid valve (Mefar, Brescia, Italy).
Five solutions of methacholine (0.39, 1.56, 6.25,
12.5, and 25 mg/ml, respectively) in a phosphate
buffer were prepared daily. A separate solution
containing a phosphate buffer was available to
allow a buffer challenge before beginning the test.
Methacholine was inhaled by the subjects in doses
ranging from 7.8 \ig up to a total cumulative dose
of 2000 |ig. The dose was increased by changing the
methacholine concentration and/or the number of
breaths. FEV, was determined 2 min after admini-
stration of the buffer and 2 min after each dose of
methacholine. The methacholine test was stopped
if there was a >10% fall in FEV, from baseline
value after inhalation of the buffer, or when FEV,
fell more than 20% as compared with the value
measured after the buffer challenge, or when the
highest dose of methacholine was reached. The
results were expressed as the dosage of metha-
choline causing a 20% fall in FEV, (PDjo). Subjects
were classified as reactive to methacholine if they
had a PD20 of <2000 jig.

Statistical analysis

Logistic regression was used to assess the likelihood
of variables being independently associated with
BHR and to determine unadjusted and adjusted odds
ratios and their 95% confidence intervals (CI) (21).
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A dummy variable indicating the occurrence of
a 20% fall in initial FEV, was used as a dependent
variable, whereas age, sex, smoking habits, early
respiratory infections, asthma/allergy in the family,
symptom groups, FEVj, FEV]/FVC%, atopy, and
total IgE were considered explanatory variables.
Age, baseline FEV], and FEV,/FVC% served as
continuous variables. The odds ratios for age,
FEV,, and FEV^/FVC were computed on the basis
of one standard deviation increase in the values.

The relative weight of each covariate in explain-
ing the variations in BHR (explanatory weight) was
measured as the percent ratio of the conditional
deviance of that covariate to the deviance
explained by the full model (the model including
all covariates). The conditional deviance is the
change in deviance due to the removal of a given
covariate when all the others are included in the
model.

Statistical analysis was performed with the
EGRET program (22).

Results
The distribution of the potential determinants in
the sample is shown in Table 1. Table 2 shows the
percentage of subjects who had a 20% fall in FEV,
in the different levels of the studied factors; the

unadjusted risk estimates (crude odds ratio) are
also reported. When considered alone, age and
smoking habits did not seem to affect the response
to the challenge test. Sex, early respiratory infec-
tion, family history of asthma/allergy, symptoms,
atopy, and total IgE significantly increased the
occurrence of BHR whereas baseline airway cali-
ber (both FEV, and FEV,/FVC) was negatively
associated with BHR.

When baseline airway caliber, atopy, and total
serum IgE were not taken into account (Table 3),
the main determinant of BHR was the respiratory-
allergic symptom status, which alone accounted for
67% of the deviance explained by all the covariates
in the model. For asymptomatic subjects, current
and past asthmatics showed an odds ratio of 19.9
(95% CI 8.8-45.1) and 5.8 (2.7-12.4), respectively.
Sex emerged as the second relevant covariate (see
last column of Table 3). When adjusting for the
symptom status, the odds ratios of early respiratory
infections and of family history of asthma/allergy
were no longer statistically significant.

After allowing for the effect of baseline airway
caliber, the goodness of fit of the model improved
by 26.7%: the explained deviance increased from
105.6 with 13 degrees of freedom (d.f.) to 134.1 with
15 d.f. Symptoms were again the main determinant
of BHR (Table 4, last column), but baseline airway

Table 1. Potential risk factors for BHR in 875 subjects undergoing methacholine challenge test during ECRHS in Italy. Results are summarized through mean

(SD) for continuous variables and through absolute and percent frequencies for categoric variables

Age (years)

Basal FEV, (i)

FEV,/FVC%

Smoking habits

Early respiratory infections

Family history of asthma/allergy

Symptom status

Atopy

IgE kUI/l

Nonsmokers

Smokers

Ex-smokers

No
Yes
Unknown

No
Yes
Unknown

No symptoms

Current asthma

Past asthma

Wheezing/breath shortness

Allergic rhinitis/eczema

Cough and phlegm

No
Yes
Unknown

<150

S150

Unknown

34.1

4.36

84.2

166
191
88

363
47
35

258
150
37

139
18
28

100
95
65

220
166
59

285
81
79

Men (n=445)

(7.0)

(0.70)

(6.31

(37.3%)

(42.9% 1

(19.8%)

(81.6%)

(10.6%)

(7.9%)

(58.0%)

(33.7%)

(8.3%)

(31.2%)

(4.0%)

(6.3%)

(22.5%)

(21.3%)

(14.6%)

(49.4%)

(37.3%)

(13.3%)

(64.0%)

(18.2%)

(17.8%)

Women

33.5

3.21

86.0

204
145
81

338
54
38

208
196
26

106
25
26

109
118
46

256
112
62

306
57
67

(n=430)

(6.9)

(0.481

(6.5)

(47.4%)

(33.7%)

(18.8%)

(78.6%)

(12.6%)

(8.8%)

(48.4%)

(45.6%)

(6.0%)

(24.7%)

(5.8%)

(6.0%)

(25.3%)

(27.4%)

(10.7%)

(59.5%)

(26.0%)

(14.4%)

(71.2%)

(13.3%)

(15.6%)
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Table 2. Number of subjects who reacted to methacholine, with percentage in parentheses, in different level of potential risk factors, and unadjusted risk
estimates (odds ratios and 95% confidence intervals) of having 20% fall in FEV, during challenge test

Age (years)

Sex

Smoking habits

Early respiratory infections

Family history of asthma/allergy

Symptom status

Baseline FEV, (1)

FEV,/FVC%

Atopy

lgE(KUI/e)

<30
30-38
>38
M
F***

Nonsmokers

Smokers

Ex-smokers

No
Yes*

Unknown

Absent

Present***

Unknown

No respiratory symptoms

Current asthma***

Past asthma***

Wheezing/breath shortness**

Allergic rhinitis/eczema*

Cough and phlegm

<3.29

3.29-4.08***

>4.D8***

<B2.8

82.8-87.9

>87.9*

No
Yes
Unknown

<150

SI 50

Unknown

number of

reactives

59
45
40
50
94
63
51
30

108
24
12
55
79
10
19
28
18
37
32
10
78
42
24
61
45
38
34
85
25
60
42
42

(%)

(18.3%)

(16.0%)

(14.8%)

(11.2%)

(21.9%)

(17.0%)

(15.2%)

(17.8%)

(15.4%)

(23.8%)

(16.4%)

(11.8%)

(22.8%)

(15.9%)

(7.8%)

(65.1%)

(33.3%)

(17.7%)

(15.0%)

(9.0%)

(27.6%)

(14.5%)

(7.9% 1

(20.9%)

(15.4%)

(13.1%)

(7.1%)

(30.6%)

(20.7%)

(10.2%)

(30.4%)

(28.8%)

Unadjusted

odds ratios

1.00

0.85

0.77

1.00

2.21

1.00

0.87

1.05

1.00

1.71

1.08

1.00

2.21

1.41

1.00

23.5
6.32
2.72
2.56
1.15
1.00
0.45
0.23
1.00
0.69
0.57
1.00
5.73
3.39
1.00
3.87
3.57

(95% CI)

(0.5-1.3)
(0.5-1.2)

(1.5-3.2)

(0.6-1.3)
(0.6-1.7)

(1.0-2.8)
(0.5-2.0)

(1.5-3.2)
(0.7-2.9)

(10.8-11.5)
(3.0-13.1)
(1.5-4.9)
(1.4-4.7)
(0.5-2.5)

(0.3-0.7)
(0.1-0.4)

(0.4-1.0)
(0.4-0.9)

(3.7-8.8)
(1.9-5.9)

(2.5-6.1)
(2.3-5.6)

*, **, *** refer to significance of odds ratios: */'<0.05; **P<0.01; ***P<0.001;
Age, FEV,, and FEV,/FVC classes refer to tertiles.

caliber played an important role as an explanatory
variable. After its introduction in the model, the
twofold increase in risk of BHR for women (see
Table 2) disappeared completely. Furthermore, a
significant negative association between age and
BHR emerged, so that BHR decreased with
advancing age.

The odds ratios for current and past asthma
showed a slight decrease after the introduction of
the FEV,/FVC ratio, suggesting that the narrowing
of baseline airway caliber partly explains the
enhanced response of asthmatic subjects to broncho-
constrictor agents.

Table 5 shows the adjusted odds ratios when total
serum IgE and atopy were taken into account.
When these variables were added, they improved
the fit of the model by another 50%: the explained
deviance increased from 134.1 with 15 d.f. to 201.3
with 17 d.f. When the effect of atopic status was
allowed for, it was found to be the covariate with
the highest explanatory power (see last column).

Both atopy and IgE increased, significantly and
independently, the risk of BHR. The odds ratios
for the other covariates were virtually unchanged
except for the symptoms, which showed a substan-
tial reduction in the risk estimates. The odds ratios
for current asthmatics decreased from 15.3 to 8.8
and those for past asthmatics from 4.9 to 3.2. The
odds ratios for the other symptomatic groups were
no longer significant. Nevertheless, asthma symptoms
were, to a large extent, an independent determi-
nant of reactivity, as suggested by the adjusted odds
ratios for asthmatic subjects, which remained sig-
nificantly higher than 1, even if adjusted for atopy
and IgE.

There was no statistical evidence of multipli-
cative interactions between any of these variables.

Discussion
The present analysis of ECRHS stage 2 data in
Italy was conducted to establish the relative impor-
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Table 3. Adjusted odds ratios (OR), 95% confidence intervals (CI), and

explanatory weight {%)' tor effect of age, sex, smoking habit, early respiratory

infections, family history of asthma/allergy, and respiratory-allergic symptom

status on odds of reacting to methacholine. Odds ratio for age was computed

on basis of increase in values of one standard deviation

Explanatory

OR 95% CI vuBight(%l

Table 4. Adjusted odds ratios (OR), 95% confidence intervals (CI), and

explanatory weight (%)' for effect of age, sex, smoking habit, early respiratory

infections, family history of asthma/allergy, respiratory-allergic symptom

status, baseline FEV,, and baseline FEV,/FVC (%) on odds of reacting to

methacholine. Odds ratios for age, FEV,, and FEV,/FVC were computed on

basis of increase in values of one standard deviation

Explanatory

OR 95% CI weight %

Age (SD=7.0 years)

Sex

Smoking habits

Smokers

Ex-smokers

Early respiratory infections

Yes
Unknown

Family history of asthma/allergy

Present

Unknown

Symptom status

Current asthma***

Past asthma***

WheezingAightness**

Allergic rhinitis/eczema*

Cough

'Explanatory weight is conditiona

1.01

2.06

0.83
1.01

1.23
1.02

1.46
1.20

19.90
5.82
2.54
2.21
1.20

1 change i

(O.B-1.2)

(1.4-3.2)

(0.5-1.3)
(0.6-1.7)

(0.7-2.2)
(0.5-2.1)

(0.9-2.2)
(0.5-2.6)

(8.8-45.1)
(2.7-12.4)
(1.4-4.6)
(1.2-4.0)
(0.5-2.6)

in deviance due to
model, divided by deviance explained by full model.

*, * * , * * * refer to significance of odds ratios:*P<0.05:**P<0.m

0.001

12.8

0.01

1.3

4.0

67.0

each term in

;***P<0.001.

Age (SD=7.0 years)*

Sex
F

Smoking habits
Smokers
Ex-smokers

Early respiratory infections
Yes
Unknown

Family history of asthma/allergy
Present
Unknown

Symptom status
Current asthma***
Past asthma***
Wheezing/tightness**
Allergic rhinitis/eczema*
Cough

Baseline FEV, (1)***

FEV,/FVC%***

0.79

0.96

0.75
1.03

1.17
1.01

1.40
1.12

15.30
4.93
2.28
2.19
1.01

0.51

0.72

(0.6-1.0)

(0.5-1.7)

(0.5-1.2)
(0.6-1.8)

(0.7-2.0)
(0.5-2.2)

(0.9-2.1)
(0.5-2.5)

(6.6-35.6)
(2.3-10.6)
(1.3-4.3)
(1.2-4.1)
(0 4 2 3)

(0.4-0.7)

(0.6-0.9)

3.0

0.01

1.0

0.1

2.0

42.0

21.0

zu
tance and independent effects of self-reported
asthma symptoms, atopy, and total serum IgE on
the occurrence of BHR, after controlling for the
main known determinants of BHR.

Our sample of young adults was not a genuine
random sample from the general population,
because of selection processes concerning the
attendance at stage 2 (i.e., the clinical stage) of the
ECRHS (15), the eligibility criteria for the challenge
test (14), and the addition of symptomatic subjects.
If this precludes inference of the true prevalence of
BHR in specific populations, it does not limit in any
way the assessment of the risk factors (23).

We chose to classify subjects as either reactive
or not reactive, rather than to use a measure such
as PD20, mainly to make comparison with previous
studies easier. This simple way of summarizing the
individual response to the challenge test yields results
that are very consistent with those obtained through
other methods, such as the slope of O'Connor (24).

The results of our study show that atopy, total
IgE level, self-reported asthma, and airway caliber
are the main independent determinants of BHR.
Other variables considered in the analysis such as
sex, age, and smoking habits were confounders or
were less powerful predictors of BHR.

In atopic subjects, as defined according to spe-
cific IgE and/or skin prick test, there was a more

'Explanatory weight is conditional change in deviance due to each term in
model, divided by deviance explained by fuil model.
*, **, *** refer to significance of odds ratios. *P<0.05; **P<0.01; ***P<0.001.

than threefold increase in BHR risk, even in the
absence of respiratory symptoms. A more than
threefold increase in BHR risk was also associated
with high total IgE serum levels, independently of
the presence of specific IgE or of asthma symp-
toms.

The role of total IgE in bronchial impairment
has been reported in previous studies (2, 6,25), but
this one is the first to demonstrate that the effect
on airway responsiveness is not related to atopy as
detected by skin prick tests or by specific IgE, and
is independent of the presence of asthma symp-
toms. Thus, our data indirectly confirm previous
findings of a relationship between total IgE and
asthma in nonatopic subjects (7, 26). Moreover,
the present study adds further evidence of the
association between airway responsiveness and IgE
reported by Sears et al. both in children with
asthma and in apparently normal children (13).

One might suspect that our results reflect the
gross inadequacy of the testing of allergens by skin
test or by specific IgE. But this was not the case,
since both tests were done with various allergens
very common in northern Italy. In addition, very
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Table 5. Adjusted odds ratios (OR), 95% confidence intervals (Cl), and
explanatory weight' for effect of age, sex, smoking habit, early respiratory
infections, family history of asthma/allergy, respiratory-allergic symptom
status, baseline FEV,, baseline FEV,/FVC (%), atopy, and total IgE on odds of
reacting to methacholine. Odds ratios for age, FEV,, and FEV,/FVC were
computed on basis of increase in values of one standard deviation

Age (SD=7.0 years)*

Sex
F

Smoking habits
Smokers
Ex-smokers

Early respiratory infections
Yes
Unknown

Family history of asthma/allergy
Present
Unknown

Symptom status
Current asthma***
Past asthma**
Wheezing/tightness
Allergic rhinitis/eczema
Cough

Baseline FEV,***

FEV,/FVC%***

Atopy
Yes***
Unknown

>150 KUI/I ***
Unknown***

OR

0.80

1.29

0.74
0.97

1.26
1.11

1.21
1.04

8.84
3.19
1.79
1.77
1.20

0.50

0.71

3.49
1.50

3.18
3.00

95% Cl

(0.6-1.)

(0.7-2.4)

(0.4-1.2)
(0.5-1.7)

(0.7-2.3)
(0.5-2.4)

(0.7-1.8)
(0.4-2.3)

(3.5-21.2)
(1.4-7.1)
(0.9-3.5)
(0.9-3.6)
(0.5-2.9)

(0.3-0.7)

(0.5-0.8)

(2.0-5.8)
(0.6-3.6)

(1.8-5.4)
(1.4-6.4)

Explanatory
weight %

2.0

0.3

0.8

0.3

0.2

13.0

8.0

6.0
17

11.0

10.0

33

'Explanatory weight is conditional change in deviance due to each term in
model, divided by deviance explained by full model.
*, **, *** refer to significance of odds ratios: *P<0.05; **P<0.01: ***P<D.O01.

low rates of reactions to less common allergens
were found in a subset of our population who under-
went quite extensive allergy skin testing (M. Olivieri,
personal data).

Total IgE might also be an expression of humoral
autoimmunity, since IgE antibody reactive to
human proteins structurally similar to pollen pro-
teins has been recently demonstrated (27). This IgE
reactivity to a self-antigen suggests a mechanism
partially independent of allergen stimulus that could
maintain a high titer of IgE in type I allergy (27).

High serum IgE levels seem to be inherited as an
autosomal genetic recessive trait with an additional
polygenic component, whereas different factors seem
to govern the specific IgE response (28). Therefore,
it is tempting to speculate that each of these allergy
indexes might express separate genetic traits, which,
in tum, might be differently related to the pathogen-

esis of airway hyperresponsiveness. It is also possible
that the relationship observed expresses the coin-
heritance of two genetic traits associated with atopy
and bronchial responsiveness (7).

A different explanation is that total serum IgE
levels are the consequence, instead of the cause, of
the bronchial inflammation causing airway hyper-
responsiveness. In bronchial asthma, lymphocyte
infiltration of the bronchial mucosa has been
reported (29), and recent studies have shown that
polyclonal IgE production may be the consequence
of the release of interleukin-4 by T cells, by a
mechanism which is not related to the presence of
the antigen (30). The fact that the relationship
between total IgE levels and BHR is independent
of bronchial asthma (and probably of bronchial
inflammation) does not support this hypothesis.

Atopy and total IgE together accounted for 33%
of the total deviance explained by all the variables
studied, strongly underlining the importance of IgE
synthesis in the pathogenesis of BHR.

Self-reported asthma heavily influences bronchial
reactivity. In respect to asymptomatic subjects, cur-
rent asthmatics showed a 9-20-fold increase in the
risk of BHR. Past asthmatics had a 3-6-fold higher
risk, suggesting that the effect of asthma decreases
with the passing of time from the last attack, but
does not disappear. This evidence supports the
hypothesis that, in some asthmatics, minimal inflam-
mation persists in symptom-free periods to a degree
sufficient to increase BHR (31). The decrease in the
odds ratios for asthma after controlling for atopy
and IgE (15.3 vs 8.8 for current asthma; 4.9 vs 3.2
for past asthma) indicates that atopic status partially
explains increased BHR in asthmatic subjects.
Nevertheless, a marked effect of asthma not related
to atopy still remains to be explained.

Baseline airway caliber was associated in a highly
significant manner with hyperresponsiveness. In
particular, FEVj and FEV,/FVC were indepen-
dently and negatively related to the risk of BHR.
This result indicates that subjects with normal but
small airways (i.e., those with a low absolute FEV,
value) or with relative bronchial narrowing (i.e.,
those with a low FEVj/FVC ratio) may be expected
to have an increased response to an inhaled
bronchoconstrictor.

After the adjustment for baseline airway caliber,
age exerted a significant independent effect, so that
higher age became associated with lower risk of
BHR. Our data thus indicate, in agreement with
Britton et al. (4) but in contrast to data from
Rijcken et al. (32), that normal-size airways in
older subjects are relatively unlikely to be hyper-
reactive. However, these results must be inter-
preted with caution, because of the narrow age
range of our sample.
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The number of reports on the relationship of sex
to bronchial responsiveness is limited and the
results are conflicting (4, 8, 32). In our analysis, the
twofold increase in risk of BHR for women van-
ished when we controlled for baseline FEV,, indi-
cating that the higher reactivity in women is almost
totally due to their lower airway caliber. Hence,
our results demonstrate that the level of respon-
siveness did not differ between men and women if
the sex difference in pulmonary function was taken
into account.

A family history of asthma/allergy, early respira-
tory infections, and allergic rhinitis did not prove
to be significant when the model accounted for
symptomatic and atopic status.

Our finding that smoking habits do not exert any
influence on BHR is only apparently in contrast
to previously reported epidemiologic evidence,
and can be explained by the young age of the
population studied. In fact, an increase in the risk
of BHR has been reported in older subjects (5,10,
11).
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