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Background: Identification of the risk factors for bronchial hyperresponsiveness (BHR) would increase the
understanding of the causes of asthma. The relationship between physical activity and BHR in men and
women aged 28.0–56.5 years randomly selected from 24 centres in 11 countries participating in the
European Community Respiratory Health Survey II was investigated.
Methods: 5158 subjects answered questionnaires about physical activity and performed BHR tests.
Participants were asked about the frequency and duration of usual weekly exercise resulting in breathlessness
or sweating. BHR was defined as a decrease in forced expiratory volume in 1 s of at least 20% of its post-
saline value for a maximum methacholine dose of 2 mg.
Results: Both frequency and duration of physical activity were inversely related to BHR. The prevalence of BHR
in subjects exercising (1, 2–3 and >4 times a week was 14.5%, 11.6% and 10.9%, respectively (p,0.001).
The corresponding odds ratios were 1.00, 0.78 (95% CI 0.62 to 0.99) and 0.69 (95% CI 0.50 to 0.94) after
controlling for potential confounding factors. The frequency of BHR in subjects exercising ,1 h, 1–3 h and
>4 h a week was 15.9%, 10.9% and 10.7%, respectively (p,0.001). The corresponding adjusted odds
ratios were 1.00, 0.70 (95% CI 0.57 to 0.87) and 0.67 (95% CI 0.50 to 0.90). Physical activity was
associated with BHR in all studied subgroups.
Conclusions: These results suggest that BHR is strongly and independently associated with decreased physical
activity. Further studies are needed to determine the mechanisms underlying this association.

T
he prevalence of asthma has increased over the last few
decades, becoming a major public health problem, espe-
cially in the developed world. Any intervention that reduces

the risk of asthma, even modestly, would have a major effect on
public health. In this respect, physical inactivity is a frequent
and modifiable potential risk factor.

Studies have shown that a large proportion of the population
are less physically active than is necessary for maintaining good
health.1 It is widely accepted that regular physical activity is
strongly associated with reduced rates of long-term diseases
such as cancer, cardiovascular events and non-insulin-depen-
dent diabetes mellitus. However, there is much less evidence for
the potential beneficial effect of physical activity on lung
health.

Some prospective studies in children2 and in adult twins3

have shown that the development of asthma was associated
with decreased physical activity. Although exercise can induce
bronchospasm in patients with asthma, several recent studies
have highlighted the health benefits of exercise such as an
improved level of cardiorespiratory fitness and quality of life.4–6

Physical exercise may also improve lung function and health in
patients with cystic fibrosis which is thought to be due in large
part to secretion clearance, and it is an essential component of
pulmonary rehabilitation in patients with chronic obstructive
pulmonary disease (COPD), probably by improving the level of
cardiovascular fitness.7

Bronchial hyperresponsiveness (BHR) is a risk factor for the
development8 9 and progression of asthma.10 11 It is considered
one of the hallmarks of airway inflammation in asthma, and is
increasingly being recognised as a clinical end point for
therapeutic intervention in asthma management. Assessment
of bronchial responsiveness as an objective measure is

advocated in epidemiological studies on asthma,12 particularly
in multicentre studies.13

The relationship between usual levels of physical activity and
BHR is unknown in the general population. This large
population-based study aimed to investigate the association
between usual levels of physical activity and BHR in a
representative sample of adults participating in the European
Community Respiratory Health Survey II (ECRHS II).14

METHODS
Study design
The methods for ECRHS I and ECRHS II have been published in
more detail elsewhere,14 15 and further information is available
from the study website (http://www.ecrhs.org).

ECRHS I (1991–1993)
Centres from 11 countries (Iceland, Norway, Sweden, Estonia,
Germany, France, Switzerland, Spain, Italy, UK and USA)
participated in ECRHS I. Each centre represented an area
defined by pre-existing administrative boundaries with a
population of at least 150 000 people. For stage 1, at least
1500 men and 1500 women aged 20–44 years randomly
selected from a community-based sampling frame were sent a
short postal questionnaire. For stage 2, a sub-sample of 600
responders was randomly selected and invited to a local testing
centre to answer a more detailed administered questionnaire
and perform lung function measurement by spirometry and
bronchial responsiveness challenge with methacholine. In most

Abbreviations: BHR, bronchial hyperresponsiveness; BMI, body mass
index; ECRHS II, European Community Respiratory Health Survey II; FEV1,
forced expiratory volume in 1 s; FVC, forced vital capacity

403

www.thoraxjnl.com

 on M
arch 13, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.068205 on 22 N

ovem
ber 2006. D

ow
nloaded from

 

http://thorax.bmj.com/


centres a further sample of symptomatic subjects was also
invited to participate. These subjects are not included in this
analysis.

ECRHS II (1998–2002)
Participants in stage 2 of ECRHS I were eligible for ECRHS II.
Subjects completed a short postal questionnaire and were then
invited to the local testing centre where, as in ECRHS I, they
answered a detailed administered questionnaire that included
questions on physical activity. Twenty-four centres taking part
in ECRHS II performed bronchial responsiveness challenge
with methacholine.

Questionnaire
A standardised questionnaire was administered by trained
interviewers to collect sociodemographic details and informa-
tion on respiratory symptoms during the preceding 12 months,
smoking history, allergic symptoms, family history of asthma,
home and work environment, medication and usual physical
activity.

Physical activity assessment
Usual physical activity per week was estimated by asking
participants how often (frequency) and for how many hours
(duration) a week they usually exercised so much that they got
out of breath or sweaty. The responses for frequency were:
‘‘every day’’, ‘‘4–6 times a week’’, ‘‘2–3 times a week’’, ‘‘once a
week’’, ‘‘once a month’’, ‘‘less than once a month’’ and ‘‘never’’.
For statistical analyses we grouped together the first two
categories, the next two categories and then the last three
categories. The responses for duration were: ‘‘7 hours or more’’,
‘‘about 4–6 hours’’, ‘‘about 2–3 hours’’, ‘‘about 1 hour’’, ‘‘about
half an hour’’ and ‘‘none’’. For statistical analyses we grouped
together the first two categories, the next two categories and
then the last two categories.

Despite the fact that the two physical activity questions were
correlated, we analysed them separately. We also analysed a
combined variable based on the responses to these two
questions. Subjects who exercised with a frequency of ‘‘2–3
times a week’’ or more and with a duration of ‘‘about 1 hour a
week’’ or more were classified as ‘‘active’’. The rest were
classified as ‘‘inadequately active’’. The cut-off values for these
categorisations were based on earlier publications16 17 and the
more conservative recommendations18 for health-promoting
physical activity.

Height and weight
In a few centres participants were asked for their height and
weight which were measured only if they were unsure. In the
other centres height was measured and participants were
weighed in light clothing without shoes. Weight was recorded
to the nearest kilogram at each survey.19

Lung function testing
The maximum forced expiratory volume in 1 s (FEV1) and
maximum forced vital capacity (FVC) from up to five
technically acceptable blows were determined according to
the American Thoracic Society criteria.20 Of the 24 centres that
measured bronchial responsiveness at each survey, 20 used the
same spirometer (Biomedin srl, Padova, Italy). The remaining
centres used different spirometers. These differences in equip-
ment did not lead to heterogeneity in lung function assessment
compared with other centres.19

Methacholine challenge
Details of methacholine challenge have been described else-
where.13 21 Bronchial responsiveness to methacholine was

measured in eligible subjects (those having an FEV1 of at least
70% predicted and more than 1.5 l and not suffering from heart
disease or epilepsy, not pregnant or breastfeeding and not
taking a b blocker). Methacholine was delivered via a Mefar
dosimeter (Mefar, Bovezzo, Italy). The test started with
inhalation of saline diluent, with the maximum post-diluent
FEV1 being recorded as the control value. FEV1 was measured
2 min after each inhalation of methacholine. The test was
stopped either when FEV1 fell by 20% or when a maximum
cumulative dose of 2 mg had been given according to the
protocol.

Total and specific immunoglobulin E (IgE)
Blood samples were collected and total serum IgE and IgE
specific to cat, house dust mite (Dermatophagoides pteronyssinus),
Cladosporium and timothy grass were measured centrally at
King’s College London in ECRHS II using the Phamacia CAP
system. The measurement range was 2–2000 kU/l for total IgE
and 0.35–100 kU/l for specific IgE.

All data presented in this report (including BHR and physical
activity assessments) come from ECRHS II and are cross-
sectional (physical activity questions were not included in the
ECRHS I).

The study was approved for each centre by the appropriate
institutional or regional ethics committee and informed written
consent was obtained from each participant. Quality controls
were carried out at different levels. All field workers involved in
the study received identical training, quality control visits were
made by ECRHS investigators and equipment was subject to
regular quality controls.

Data analysis
Body mass index (BMI) was calculated as weight in kilograms
divided by the square of the height in metres. It was analysed as
a categorical variable divided into normal weight (,25 kg/m2),
overweight (25 to ,30 kg/m2) and obese (>30 kg/m2). The
subjects were categorised into four groups according to
smoking habits: never smokers, past smokers, moderate

13 130 eligible from random sample
(ECRHS I stage 2 respondents in 24
centres participating in ECRHS II) 

7648 (58.2%) took part in ECRHS II

6413 completed lung function at
ECRHS II 

5226 had measurement of BHR at
ECRHS II

5158 had measurement of BHR and
complete physical activity data 

Figure 1 Subjects participating in the present analysis of the European
Community Respiratory Health Survey II (ECRHS II). BHR, bronchial
hyperresponsiveness.
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smokers (,20 cigarettes per day) and heavy smokers
(>20 cigarettes per day).

‘‘Current asthma’’ was defined as currently using asthma
medication or as reporting asthma attacks during the previous
12 months. ‘‘Asthma-like symptoms’’ were defined as wheezi-
ness, shortness of breath at rest and/or nocturnal shortness of
breath at rest during the last 12 months. Total IgE was
transformed logarithmically. ‘‘Atopy’’ was defined as a positive
specific IgE (.0.35 kU/l) to at least one of the four allergens
tested. Each allergen was included individually in the multi-
variable model because each allergen is differently related to
BHR.22

Linear regression was used to calculate the internally derived
predicted value of FEV1 based for each sex on age and height.
The difference between measured and predicted values
(residual FEV1) was used in multivariate analyses. In tables 1
and 3 the results are presented using a reconstituted FEV1 (ie,
residual FEV1 + mean value of the group) to make them more
explicit,. FEV1 as a percentage of the predicted value (FEV1 %
pred) and FVC as a percentage of the predicted value (FVC %
pred)23 were also considered in the multivariate analyses.

BHR was defined as a decrease in FEV1 of at least 20% of its
post-saline value for a maximum dose of 2 mg methacholine.
As well as this binary response variable, a dose-response slope
used for between-centre analyses in the ECRHS13 was used to
analyse the response to methacholine as a continuous variable
in a linear regression model. This allows the data from all

subjects to be interpreted regardless of whether FEV1 declined
by 20% during the test or not. The term ‘‘slope’’ is used for a
transformed log slope as used in the ECRHS, with a low ‘‘slope’’
indicating high BHR.13

Associations of frequency and duration of physical activity
(three categories each) with the categorical variables were
assessed using the x2 test and with the continuous variables
using ANOVA. Logistic regression models were fitted using
BHR as the dependent variable and physical activity as an
independent variable. The models were adjusted for country,
sex, age, BMI (three categories), smoking (four categories),
education level, specific and total IgE, asthma-like symptoms,
current asthma, family history of asthma and FEV1.
Multiplicative interactions (smoking/BMI, age/sex and age/
smoking) were assessed using product-terms in the fully
adjusted logistic model but had no effect on the association.
Sensitivity analysis was performed to test the consistency of the
association between BHR and physical activity in men and
women, classes of BMI, smoking categories and according to
atopy, asthma and asthma-like symptom status. We also tested
the association after excluding subjects who answered posi-
tively to the question: ‘‘Do you avoid taking vigorous exercise
because of wheezing or asthma?’’.

Statistical analysis was carried out using SAS V.8.2 (SAS
Institute Inc, Cary, North Carolina, USA). Tests for hetero-
geneity and combined odd ratios were determined using
standard methods for meta-analysis, with country included in

Table 1 Characteristics of participants included in the analysis

All
(n = 5158)

Men
(n = 2628)

Women
(n = 2530) p Value`

Age (%)
,40 years 38.2 39.1 37.2 0.38
40–50 years 42.2 41.6 42.8
.50 years 19.6 19.3 20.0

Age when finished education (%)
(16 years 17.0 16.0 18.1 0.11
17–21 years 36.1 37.0 35.2
.21 years 46.9 47.0 46.7

BMI (%)
,25 kg/m2 52.1 43.4 61.2 ,0.001
25–30 kg/m2 35.8 44.8 26.5
.30 kg/m2 12.1 11.8 12.3

Smoking (%)
Never smokers 43.6 39.6 47.7 ,0.001
Past smokers 24.8 26.7 22.8
Moderate smokers 20.3 19.5 21.2
Heavy smokers 11.3 14.2 8.3

Atopy (%) 28.5 32.6 24.2 ,0.001
Asthma-like symptoms (%) 24.1 25.2 23.0 0.07

Wheeze 20.5 22.2 18.8 0.003
SOB at rest 5.2 4.0 6.3 ,0.001
Woken by SOB 5.2 4.9 5.6 0.31

Current asthma (%) 4.9 4.4 5.4 0.11
Family history of asthma (%) 11.0 9.7 12.4 0.002
FEV1 (l)*� 3.60 (0.65) 4.14 (0.40) 3.03 (0.30) ,0.001
FEV1 (% pred)* 107 (14) 106 (13) 108 (14) ,0.001
FVC (% pred)* 111 (14) 108 (13) 115 (14) ,0.001
BHR (%) 13.0 9.4 16.6 ,0.001
Usual frequency of exercise (%)

(1 time/week 60.0 58.9 61.0 0.15
2–3 times/week 26.5 27.7 25.3
>4 times/week 13.5 13.4 13.7

Usual duration of exercise (%)
,1 h/week 41.5 38.2 44.9 ,0.001
1–3 h/week 42.4 42.8 42.0
>4 h/week 16.1 19.0 13.1

BMI, body mass index; SOB, shortness of breath; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; BHR,
bronchial hyperresponsiveness.
*Mean (SD).
�FEV1 = residual FEV1 + FEV1 mean.
`For difference between sex groups using t test for continuous variables and x2 test for categorical variables.
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the model as a random effect, using the STATA package
(STATA Corporation, College Station, Texas, USA). p values
,0.05 were considered significant.

RESULTS
Characteristics of subjects
A total of 13 130 people randomly selected in 24 centres were
eligible to take part in ECRHS II. Details of the response to
ECRHS II have been reported previously.24 Of these, 7648
(58.2%) were traced and responded to the main questionnaire
at ECRHS II, 6413 of whom had their lung function measured
and 5158 had a valid airway challenge and complete physical
activity data collected at ECRHS II (fig 1).

The age range of the 5158 subjects was 28.0–56.5 years (mean
42.6). Table 1 shows the characteristics of the participants and
their distribution by sex. The prevalence of BHR in this general
population was 13.0%, with women having a higher prevalence
than men (p,0.001). Overall, 60.0% of the population usually
exercised to breathlessness or sweating either once a week or less
than once a week, 26.5% exercised 2–3 times a week and 13.5%
exercised regularly at least four times a week. The duration of
exercise was ,1 h per week for 41.5% of population, 1–3 h per
week for 42.4% and >4 h per week for 16.1%.

BHR, physical activity and potential confounding factors
The associations between BHR and potential confounding
factors are shown in table 2. BHR was significantly more

frequent in subjects with a low level of education than in
subjects with a high level of education (p = 0.0024). It was also
more prevalent in obese subjects (p = 0.038), subjects with
atopy, (p,0.001) those with asthma (p,0.001), asthma-like
symptoms (p,0.001) or a family history of asthma (p,0.001).
BHR was positively associated with smoking in women but not
in men. Subjects with BHR had significantly lower FEV1 levels
than those without BHR (3.07 (0.91) l/s vs 3.67 (0.99) l/s,
p,0.001). This association was similar for men and women
(results not shown).

Factors associated with the duration of physical activity are
shown in table 3. Older subjects tended to have lower physical
activities than younger subjects. Obese subjects (BMI .30 kg/
m2) and current smokers were more prevalent in the lower
physical activity category. Subjects with a high level of
education were more active than subjects with a low level of
education. Similar results were observed for frequency of
physical activity (data available from the authors).

BHR and physical activity
BHR was negatively associated with the frequency and duration
of physical activity (p,0.001 for each). The prevalence of BHR
was 14.5% for subjects exercising once a week or less, 11.6% for
subjects exercising 2–3 times a week, and 10.9% for those
exercising four or more times a week (p,0.001). The
corresponding adjusted ORs were 1.00, 0.78 (95% CI 0.62 to
0.99) and 0.69 (95% CI 0.50 to 0.94), respectively, after

Table 2 Frequency of bronchial hyperresponsiveness (BHR) according to potential
confounding factors

All
(n = 5158)

Men
(n = 2628)

Women
(n = 2530)

Age
,40 years 13.1 9.0 17.5
40–50 years 12.8 9.6. 16.0
.50 years 13.2 10.1 16.2
p value* 0.94 0.76 0.63

Age when finished education
(16 years 16.4 12.7 19.8
17–21 years 12.8 9.4 16.5
.21 years 11.8 8.4 15.4
p value 0.0024 0.035 0.10

BMI
,25 kg/m2 12.2 8.2 15.3
25–30 kg/m2 12.9 9.4 19.1
.30 kg/m2 16.1 14.2 18.0
p value 0.038 0.006 0.067

Smoking
Never smokers 12.3 8.3 15.7
Past smokers 12.6 10.2 15.6
Moderate smokers 13.0 9.9 16.0
Heavy smokers 16.8 11.2 26.7
P value 0.037 0.34 ,0.001

Atopy
No 9.2 5.6 12.5
Yes 22.0 17.3 28.7
P value ,0.001 ,0.001 ,0.001

Asthma-like symptoms
No 8.7 5.5 12.0
Yes 26.2 21.0 32.1
p value ,0.001 ,0.001 ,0.001

Current asthma
No 10.7 7.3 14.2
Yes 55.2 52.6 57.4
p value ,0.001 ,0.001 ,0.001

Family history of asthma
No 12.3 9.0 15.9
Yes 18.2 13.8 21.7
p value ,0.001 0.013 0.009

BMI, body mass index.
Values are shown as percentage with BHR.
*For difference between groups using x2 test.
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controlling for country, sex, age, BMI, smoking, education level,
specific and total IgE, asthma-like symptoms, current asthma,
family history of asthma and residual FEV1 (table 4). For
duration of physical activity the prevalence of BHR was 15.9%
for subjects exercising ,1 h per week, 10.9% for subjects
exercising for 1–3 h per week, and 10.7% for those exercising
>4 h per week (p,0.001). The corresponding adjusted ORs
were 1.00, 0.70 (95% CI 0.57 to 0.87) and 0.67 (95% CI 0.50 to
0.90) (table 4). Including both FEV1 (as percentage predicted)
and FVC (as percentage predicted) in the models instead of
residual FEV1 gave similar results. The ORs were 0.79 (95% CI

0.62 to 1.01) in subjects exercising 2–3 times a week and 0.64
(95% CI 0.46 to 0.90) in those exercising >4 times a week
compared with subjects exercising once a week or less
(reference group). Similarly, the ORs for BHR were 0.71 (95%
CI 0.57 to 0.89) in subjects exercising for 1–3 h a week and 0.70
(95% CI 0.51 to 0.95) in those exercising >4 h a week compared
with subjects exercising ,1 h a week (reference group).

We also found that the adjusted OR for BHR in subjects
exercising two or more times a week AND for one or more
hours (considered active) versus the other subjects (considered
inadequately active) was 0.74 (95% CI 0.60 to 0.92). We found
no heterogeneity between countries in the association between
BHR and physical activity (fig 2).

There was no significant interaction between physical activity
and any of the studied risk factors in determining BHR. Hence,
a similar pattern of results was observed in men and in women,
BMI classes, smoking categories, and in atopic and non-atopic
subjects (results not shown). In addition, after excluding
subjects with asthma or asthma-like symptoms, the negative
association between physical activity and BHR remained
significant (n = 3580, adjusted OR 0.73 (95% CI 0.57 to
0.95)). Even after excluding all subjects with any respiratory
symptoms (asthma-like symptoms, chronic cough and/or
phlegm), atopy and/or asthma, the result was unchanged
(n = 2790, adjusted OR 0.70 (95% CI 0.50 to 0.98)) and the
same result was observed when we excluded 127 subjects who
avoided taking vigorous exercise because of wheezing or
asthma (n = 2777, adjusted OR 0.68 (95% CI 0.49 to 0.96)).
Finally, as atopy, asthma and smoking correlated strongly with
BHR, additional multiple regression analysis was performed in
never smokers without asthma and atopy (n = 1371, adjusted
OR 0.62 (95% CI 0.39 to 1.00)).

Table 3 Relationships between the duration of physical activity per week and potential
confounding factors

Usual duration of exercise

,1 h/week
(n = 2138)

1–3 h/week
(n = 2189)

.3 h/week
(n = 831) p Value*

Men (%) 46.9 51.4 60.1 ,0.001
Women (%) 53.1 48.6 39.9
Age (%)

,40 years 37.0 38.4 40.7 0.13
40–50 years 41.9 42.6 42.0
.50 years 21.1 19.1 17.3

Age when finished education (%)
(16 years 22.1 13.0 14.6 ,0.001
17–21 years 36.7 35.0 37.8
.21 years 41.2 52.0 47.6

BMI (%)
,25 kg/m2 51.2 53.6 50.4
25–30 kg/m2 34.7 35.9 38.5
.30 kg/m2 14.1 10.5 11.1 0.003

Smoking (%)
Never smokers 40.6 46.1 44.8 ,0.001
Past smokers 22.6 25.5 28.5
Moderate smokers 21.2 20.2 18.3
Heavy smokers 15.6 8.2 8.4

Atopy (%) 27.1 28.6 31.6 0.07
Asthma-like symptoms (%) 24.8 22.8 26 0.11
Current asthma (%) 5.0 4.5 5.5 0.55
Family history of asthma (%) 10.8 11.5 10.1 0.51
FEV1 (l)�` 3.59 (0.45) 3.59 (0.45) 3.63 (0.48) 0.076
FEV1 (% pred)` 107 (14) 107 (13) 108 (14) 0.097
FVC (% pred)` 111 (14) 111 (14) 112 (14) 0.072

Values are expressed as percentages except where indicated otherwise.
BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.
*Using analysis of variance test for continuous variables or x2 test for categorical variables.
�FEV1 = residual FEV1 +FEV1 mean.
`Mean (SD).

Table 4 Association between BHR and categories of
physical activity by logistic regression

Physical activity

Bronchial hyperresponsiveness (BHR)

Crude OR (95% CI) Adjusted OR* (95% CI)

Usual frequency of exercise
(1 time/week 1.00 (reference) 1.00 (reference)
2–3 times/week 0.70 (0.57 to 0.86) 0.78 (0.62 to 0.99)
>4 times/week 0.72 (0.56 to 0.94) 0.69 (0.50 to 0.94)

Usual duration of exercise
,1 h/week 1.00 (reference) 1.00 (reference)
1–3 h/week 0.65 (0.54 to 0.77) 0.70 (0.57 to 0.87)
.3 h/week 0.63 (0.50 to 0.81) 0.67 (0.50 to 0.90)

Combined�
Inadequately active 1.00 (reference) 1.00 (reference)
Active 0.70 (0.59 to 0.83) 0.74 (0.60 to 0.92)

*Adjusted for country, sex, age, body mass index, smoking, education level,
specific IgE to each allergen and total IgE, asthma-like symptoms, current
asthma, family history of asthma and residual forced expiratory volume in
1 s.
�Exercising >2 times/week and >1 h vs the rest.
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Dose-response slope and physical activity
A multiple linear regression confirmed the consistent relation-
ship between physical activity and the dose-response slope.
Bronchial responsiveness decreased with increasing frequency
or duration of exercise after adjustment for the same
independent variables as shown in table 5.

DISCUSSION
The results from this large scale population-based study show a
negative association between physical activity and BHR. This
association was consistent across several subgroups and was
independent of potential confounders for BHR and physical
activity. To the best of our knowledge, this is the first study to
investigate the association between physical activity and BHR
in adults from the general population. The study shows that the
cut-off point for the frequency (or duration) of physical activity
at which BHR would be significantly reduced is relatively low.
This suggests that, if causal, even modest physical activity can
have a beneficial effect on BHR.

The participation rate at ECRHS II was 58.2% (7648 of
13 130) which is comparable to several recent population
studies and higher than that of the one population study of
change in BHR.21 Eligible men were slightly more likely to
respond to the main questionnaire at ECRHS II than women.
Responders were slightly older than non-responders at baseline
(mean age 34.1 years vs 33.8 years). No significant difference
in baseline lung function was observed between responders and
non-responders (mean FEV1 3.90 l vs 3.86 l). Subjects lost to
follow-up were more frequently smokers at baseline. These
small differences were unlikely to bias the reported relations
between physical activity and BHR substantially. Of the 7648
participants, 16% completed the questionnaire only and did not
perform lung function tests. Of the 6413 with an acceptable
FEV1 measurement, 519 (8.1%) had contraindications for the
methacholine test and bronchial responsiveness was measured
in 5158 (80.4%); thus only 39% of the original population were
included in the present analysis. The distributions of smoking
and atopy status were comparable between subjects with and
without bronchial responsiveness data. Subjects who were
tested for BHR had slightly greater BMI and slightly greater
FEV1 than those not tested. Asthma and asthma-like symptoms
were more common in subjects who did not perform a
methacholine challenge than in those with BHR data. Inade-
quately active subjects were over-represented in those without
BHR data. It therefore seems likely that the association between
physical activity and BHR is underestimated in our study.

Some studies have investigated the relationship between
inactivity and increased levels of BHR in children. In a cross-
sectional study, a negative relationship between physical
activity and BHR was shown in children currently with asthma
but this relationship was not observed in children without
asthma.25 A longitudinal study of 757 previously asymptomatic
children found a weak association between physical fitness in
childhood and the response of the airways to methacholine at
follow-up, and physical fitness tended to be correlated with a
reduced risk of developing adolescent asthma.26 Another
prospective study of 262 twin pairs showed that the twin who
participated in conditioning exercise had a lower risk of asthma
than the sedentary twin.3 Previous studies of the relationship
between physical activity and BHR in adults have focused on
athletes and showed positive associations between BHR and
intense exercise.27–29 In such populations, this positive relation-
ship may be related to thermal stimuli—heat loss that leads to

Figure 2 Multivariable adjusted odds ratios (95% confidence interval) for
the association between bronchial hyperresponsiveness and (A) frequency
of physical activity (exercise >2 times/week vs (1 time/week) and (B)
duration of physical activity (exercise >1 h/week vs ,1 h/week) by
country adjusted for sex, age, body mass index, smoking, education level,
specific and total IgE , respiratory symptoms, current asthma, family history
of asthma and residual forced expiratory volume in 1 s. The area of the
squares is proportional to the reciprocal of the variance of the estimate for
the country. The diamond represents the combined odds ratio, calculated
using country as a random effect, with its 95% confidence interval. The
dashed line, plotted vertically through the combined odds ratio, crosses the
horizontal lines of all individual country results (p values for the test of
heterogeneity between countries 0.83 and 0.40 for (A) and (B)
respectively).

Table 5 Relationship between ECRHS ‘‘slope’’* of
bronchial hyperresponsiveness (BHR) and levels of physical
activity by multivariable linear regression

Physical activity
in model

Adjusted� regression
coefficient (95% CI)

p Value for
regression
coefficient

Usual frequency of exercise
(1 time/week 0 (reference)
2–3 times/week 0.146 (0.003 to 0.289) 0.046
>4 times/week 0.231 (0.047 to 0.414) 0.014

Usual duration of exercise
,1 h/week 0 (reference)
1–3 h/week 0.160 (0.024 to 0.300) 0.021
.3 h/week 0.266 (0.087 to 0.445) 0.004

Combined`
Inadequately active 0 (reference)
Active 0.220 (0.094 to 0.346) ,0.001

*Increasing ‘‘slope’’ indicates decreasing BHR.
�Adjusted for country, sex, age, body mass index, smoking, education level,
specific IgE to each allergen and total IgE, asthma-like symptoms, current
asthma, family history of asthma and residual forced expiratory volume in
1 s.
`Exercising >2 times/week and >1 h vs the rest.
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vascular engorgement as the airways warm back up after
intense exercise, initiating bronchoconstriction. Alternatively, it
may be related to osmotic stimuli—water loss that leads to a
change in airway osmolarity, initiating epithelial and mast cell
activation and resulting in the release of inflammatory mediators
in the airways that cause bronchoconstriction.30 However, these
studies carried out in high level sportsmen cannot be compared
with our study of subjects from the general population.

Two outcome definitions of bronchial responsiveness were
used—the dichotomous BHR variable and the logarithmically
transformed slope, as suggested by Chinn et al.13 Whichever
outcome was used, the results were similar.

The validity of the physical activity data may be questionable
because there is no gold standard for assessment of physical
activity. Although physical activity was assessed by a standar-
dised interviewer-administrated questionnaire, as in most
epidemiological studies,31 the responses reflect self-assessment
of physical activity level or frequency. However, the questions
used in the ECRHS have been validated previously.32–34

Moreover, assessing physical activity by questionnaire may be
the only practical method of collecting data in large epidemio-
logical studies with intensive respiratory tests such as the
ECRHS. Given that self-reported physical activity may not
reveal the real levels of physical activity, which may be
overestimated,35 the results may be influenced by some
misclassification. However, it was possible to categorise the
subjects and misclassification is likely to be random as the
physical activity data were collected before the BHR test was
carried out. Such a bias, if any, would therefore lead to an
underestimation of the true association.

The mechanisms linking physical activity to BHR are not
clear. Moderate and vigorous physical activity may be one
component of a healthy lifestyle or may be a marker of a
generally better constitution. We therefore adjusted for possible
confounding influences of age, smoking status, BMI and
educational levels, and still observed the independent associa-
tions between BHR and physical activity. Moreover, some over-
adjustment may have occurred for BMI. Obesity and being
overweight may partly be a result of low physical activity,36 37

and adjusting for BMI would lead to underestimation of the
associations between physical activity and BHR. Some subjects
with asthma or respiratory symptoms may refrain from
vigorous physical activity to avoid unpleasant respiratory
effects. However, when we adjusted for asthma and respiratory
symptoms and, more importantly, stratified for these variables,
the results did not change (results not shown). Also, the
exclusion of subjects who avoided taking vigorous exercise
because of wheezing or asthma had no effect on the results. We
further reduced the potential for reverse causation, that is,
serious disease causing low physical activity rather than vice
versa, by asking subjects whether they were disabled from
walking due to their diseases. The exclusion of these subjects
(n = 361) also had almost no effect on the observed association
(results available from authors).

A more plausible hypothesis is that physical activity might
influence airway physiology and BHR. A deep inspiration, as in
exercise, seems to be the first line of defence against
bronchospasm (bronchoprotective effect) and can partially
reverse it once bronchoconstriction is established (bronchodi-
latory effect) because of its effect on the constriction of smooth
airway muscles.38–41 It has therefore been suggested that a
decrease in the amount of these sighs or periodic expansions of
the lungs while sedentary may contribute to non-specific BHR
in children.42 Another possible explanation is that moderate
physical activity might be associated with a reduction in
systemic inflammation. Physical activity has been shown to be
associated with an improvement in the lipoprotein profile and a

reduction in the level of some inflammatory markers (such as
plasma fibrinogen and C-reactive protein).43–46 On the other
hand, chronic systemic inflammation has recently been shown
to be associated with BHR.47

The strengths of the present study are its large size, the use of
high quality data from a random general population sample,
the use of a standardised questionnaire and the strictly
standardised assessment of BHR in all participating countries.
The percentage of BHR (13%) observed in our study was
comparable to that obtained in other population-based studies
by different methods.48 The present study confirmed previous
findings that sex, BMI, smoking, atopy, asthma-like symptoms
and asthma are associated with an increased risk of BHR. The
observed associations of physical activity with age, BMI,
smoking habits and education level are also consistent with
previously published results.49 However, our findings should be
considered in the context of the study limitations. First, a
cause-and-effect relationship cannot be established between
exercise and BHR because of the cross-sectional design of the
study. Second, despite controlling for a large number of
potentially confounding variables in our multivariable analyses,
we are unable to completely exclude residual confounders due
to unknown factors.

In conclusion, this study shows a strong and consistent
negative relationship between physical activity and BHR in
adults. If causal, our findings suggest that relatively small
amounts of physical activity would markedly reduce BHR in the
general population. This implies that another beneficial effect
of physical activity may be added to the already known benefits.
Further data are needed to clarify the relationship between
physical activity and BHR and to determine the optimal amount
(frequency and duration) and type of physical activity required. If
confirmed, our results may contribute to the development of
primary prevention programmes for pulmonary diseases.
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