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ABSTRACT
Background Although women with severe non-allergic
asthma may represent a substantial proportion of adults
with asthma in clinical practice, gender differences in the
incidence of allergic and non-allergic asthma have been
little investigated in the general population.
Methods Gender differences in asthma prevalence,
reported diagnosis and incidence were investigated in
9091 men and women randomly selected from the
general population and followed up after 8e10 years as
part of the European Community Respiratory Health
Survey. The protocol included assessment of bronchial
responsiveness, IgE specific to four common allergens
and skin tests to nine allergens.
Results Asthma was 20% more frequent in women than
in men over the age of 35 years. Possible underdiagnosis of asthma appeared to be particularly frequent
among non-atopic individuals, but was as frequent in
women as in men. The follow-up of subjects without
asthma at baseline showed a higher incidence of asthma
in women than in men (HR 1.94; 95% CI 1.40 to 2.68),
which was not explained by differences in smoking,
obesity or lung function. More than 60% of women and
30% of men with new-onset asthma were non-atopic.
The incidence of non-allergic asthma was higher in
women than in men throughout all the reproductive
years (HR 3.51; 95% CI 2.21 to 5.58), whereas no
gender difference was observed for the incidence of
allergic asthma.
Conclusions This study shows that female sex is an
independent risk factor for non-allergic asthma, and
stresses the need for more careful assessment of
possible non-allergic asthma in clinical practice, in men
and women.

INTRODUCTION
The prevalence of asthma shows a sex reversal
around puberty from a higher risk in boys early in
life to a higher risk in girls after adolescence.1e6
This pattern has raised several hypotheses about
the susceptibility to asthma of men and women,
such as an effect of sex hormones, airway calibre,
obesity, differences in exposure or diagnosis.1e6
Further studies are needed to appraise how much

Key messages
What is the key question?
< Are women really at increased risk of asthma,

and what could explain this difference?

What is the bottom line?
< Women were found to be at increased risk of

developing non-allergic asthma (no difference
was found for allergic asthma), and this
increased risk was not explained by differences
in diagnosis, lung function (as a surrogate of
airway calibre), obesity or smoking.

Why read on?
< Our data provide evidence that non-allergic

asthma is still poorly recognised in men and
women, and that women are at increased risk of
developing non-allergic asthma compared with
men. We suggest that sex hormones or other
biological markers that significantly differ
between men and women (such as adipocytes)
may be involved in the development of nonallergic asthma.

these determinants could explain the higher risk of
asthma in women. Data are lacking on whether
women remain at increased risk of asthma
throughout all the reproductive years, and few
studies have investigated the possibility of a differential diagnosis.2e8 Furthermore, most studies are
not of a prospective nature that allows separating
new-onset asthma from persistent asthma or
relapse. In addition, new-onset of non-allergic
asthma appears to be relatively frequent in adulthood.9 Clinical studies suggest that non-allergic (or
‘intrinsic’) asthma may be more severe and difﬁcult
to control than allergic asthma, and that women
might be at increased risk of non-allergic
asthma.10e14 However, most of our knowledge on
non-allergic asthma comes from clinical studies
which often include patients with more severe
asthma, and little is known on non-allergic asthma
in the general population.14
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METHODS
Study design
The analysis is based on data collected in 29 centres from 14
countries as part of the ECRHS. The protocol and participation
rates have been described elsewhere.15e17 Brieﬂy, between 1991
and 1993, each participating centre randomly selected about
1500 men and 1500 women, representative of the age group
20e44 years, to answer a postal questionnaire (European
Community Respiratory Health Survey I [ECHRS-I] stage 1;
‘screening’). A 20% random sample of respondents was
then invited to a clinical investigation (ECHRS-I stage 2).
Participants in stage 2 were eligible for the follow-up survey in
1998e2002 (ECRHS-II). At ECHRS-I stage 2 (‘baseline’) and
follow-up, the protocol included assessment of respiratory
symptoms via questionnaire and measurements of bronchial
responsiveness and IgE speciﬁc to four common allergens. In
each centre, the protocol was approved from the appropriate
ethics committee, and written consent was obtained from each
participant.

Analysis
Doctor-diagnosed asthma was deﬁned as a positive answer to
the questions ‘Have you ever had asthma?’ and ‘Was this
conﬁrmed by a doctor?’ Because only speciﬁc IgEs were assessed
at follow-up, the main analysis was conducted with atopy
deﬁned as speciﬁc IgE$0.35 kU/litre to any of the four common
allergens tested. In a sensitivity analysis, atopic status was
deﬁned according to speciﬁc IgE and skin test reactivity
measured at the baseline survey for nine common allergens.
Atopic subjects with asthma were considered to have ‘allergic
asthma’. Further details including cross tables are provided in the
online supplement. All the analyses were conducted in Stata V.8
(StataCorp 2001).

RESULTS
Gender differences in asthma prevalence and diagnosis
Participation of men and women at each step of the survey is
described in the online supplement.

Prevalence
At ECRHS-I stage 1 (table 1, ﬁrst column), large representative
samples were screened to estimate asthma prevalence.15 There
was no gender difference in the prevalence of asthma from age
20 to 35 years. However, women had a 20% higher risk of
asthma than men after age 35 years. This pattern of results was
consistent across the participating centres, despite large
geographical variations in the prevalence of asthma.
To assess whether the magnitude of the gender difference had
changed over time, we considered prevalence at ECRHS-II.
Although the prevalence of asthma was higher at ECRHS-II,
within each age-group the ORs for the gender difference were
remarkably similar at each survey, showing no difference before
age 35 and a 20% higher risk of asthma in women in the age
2 of 7

group 36e44 years (table 1, third column). The higher risk of
asthma in women appears to be further marked after age
45 years (OR 1.68; 95% CI 1.24 to 2.29).

Investigating possible differential diagnosis
We considered data collected at ECRHS-I stage 2 (including
bronchial hyperresponsiveness [BHR] assessment) to assess
whether the higher prevalence of asthma in women could be
explained by differences in diagnosis.
Besides diagnosed asthma, women were also more likely than
men to have asthma-like symptoms or asthma-like symptoms
and BHR (table 1 and online supplement).
Furthermore, among subjects with respiratory symptoms and
BHR (table 2), the likelihood of having received a diagnosis of
asthma decreased with increasing smoking and was higher in
atopic than in non-atopic subjects. However, in each group, it
was similar or even lower in women than in men. As shown
in table 2, in non-atopic subjects, only 16% of those with
asthma-like symptoms and BHR reported a diagnosis of
asthma. However, this low rate of diagnosis was similar in
women and in men.
No major gender difference was observed for asthma treatment, apart from a more frequent use of inhaled steroids in
women (online supplement, table E2).

Gender differences in the natural history of asthma
Forty-three per cent of men and 63% of women with a current
diagnosis of asthma from the doctor at follow-up reported
asthma onset in adulthood (online supplement, table E2).

Asthma remission, persistence and relapse in subjects with asthma
at baseline
Women with current asthma at baseline were as likely as men to
still have asthma at follow-up (asthma persistence: 68.1% in 213
women vs 74.1% in 135 men; p>0.20).
In subjects who had ever had asthma before the baseline
survey, but without ‘current’ asthma at baseline, women were
as likely as men to have current asthma at follow-up (asthma
relapse after remission: 21.2% in 189 women vs 18.0% in 178
men; p>0.30).

Asthma incidence
The risk of developing asthma over the follow-up was investigated in the 4281 women and 3956 men without asthma at
baseline (ﬁgure 1). The asthma incidence rate was higher in
women than in men (table 3). There was no interaction with age
(p for interaction ¼0.13). At baseline, women more frequently
reported rhinitis, respiratory infections in childhood and
maternal asthma compared with men. Women less frequently
had positive speciﬁc IgE to dust mites and grass, had lower total
IgE and smoked less than men. Women had lower body mass
index (BMI) than men at baseline and at follow-up, but the
mean increase in BMI between the two surveys was slightly
higher in women than in men. Adjustment for the subject’s
characteristics at baseline or follow-up had little effect on the
gender difference in incidence (online supplement, table E3). The
risk of developing asthma remained signiﬁcantly higher in
women than in men after adjustment for centre, maternal
asthma, smoking, total IgE, atopic sensitisation, rhinitis, forced
expiratory volume in 1 s (FEV1) and BMI at baseline (HR 1.94;
95% CI 1.40 to 2.68) as well as after additional adjustment for
change in smoking status and change in BMI (HR 2.25; 95% CI
1.57 to 3.23). Further adjustment for occupational exposure over
the follow-up to agents known to be related to occupational
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We used data collected as part of the European Community
Respiratory Health Survey (ECRHS) to estimate gender differences in the prevalence of asthma according to age; appraise
possible differences in asthma diagnosis; prospectively investigate gender differences in the remission/persistence of asthma;
and assess gender differences in the risk of new-onset asthma,
accounting for potential confounders and considering allergic
and non-allergic asthma separately, within the age range
20e55 years.

Epidemiology

ECRHS-I screening
(N[87 188)

ECRHS-I, stage 2
(N[15 483)

Current asthma (number of cases/number of subjects included*) %
Age 20e27 years
Men
(731/12 897)
5.67
(103/1998)
5.16
Women
(769/13 694)
5.62
(114/2099)
5.43
ORy
0.98 (95% CI 0.88 to 1.09)
1.06 (95% CI 0.80 to 1.39)
Age 28e35 years
Men
(622/13743)
4.53
(97/2371)
4.09
Women
(696/14655)
4.75
(110/2670)
4.12
OR
1.03 (95% CI 0.92 to 1.16)
1.01 (95% CI 0.76 to 1.33)
Age 36e44 years
Men
(641/14608)
4.39
(95/2803)
3.39
Women
(841/15909)
5.29
(141/3004)
4.69
OR
1.21 (95% CI 1.09 to 1.34)
1.40 (95% CI 1.08 to 1.83)
Age 45e52 years
Men
Women
OR
Doctor-diagnosed current asthma (n/N) %
Men
(269/7411)
3.63
Women
(351/8053)
4.36
OR
1.21 (95% CI 1.03 to 1.42)
Subjects reporting $3 asthma-like symptomsz (n/N) %
Men
(467/7418)
6.30
Women
(628/8065)
7.79
OR
1.26 (95% CI 1.11 to 1.42)
Asthma-like symptoms plus bronchial hyperresponsiveness (n/Nx) %
Men
(308/6809)
4.52
Women
(464/7092)
6.54
OR
1.48 (95% CI 1.27 to 1.71)

ECRHS-II
(N[9091)

e
e
e
(62/940)
6.60
(64/1016)
6.30
0.95 (95% CI 0.66 to 1.37)
(89/1551)
5.74
(120/1751)
6.85
1.21 (95% CI 0.91 to 1.60)
(70/1491)
4.69
(124/1648)
7.52
1.68 (95% CI 1.24 to 2.29)
(220/4317)
5.10
(304/4753)
6.40
1.27 (95% CI 1.06 to 1.52)
(227/4326)
5.25
(338/4765)
7.09
1.38 (95% CI 1.16 to 1.64)
(147/3853)
3.82
(230/4072)
5.65
1.51 (95% CI 1.22 to 1.87)

*1190 subjects with age at screening >44 years and 492 subjects with data on ‘current asthma’ missing at the screening survey were
not included. For ECRHS-I stage 2 the corresponding figures are 519 and 19. For ECRHS-II, 673 subjects with age >52 years and 21
with data on ‘current asthma’ missing were not included.
yOR >1 indicates a higher prevalence in women compared with men. For ECRHS-I screening the ORs are Mantel-Haenszel OR
stratified for centre. Within each age group, Breslow-Day tests for heterogeneity across centres were all not significant (p>0.30).
Other ORs are crude estimates.
zNumber of positive answers to any of the five following items: breathless while wheezing, woken up with a feeling of chest
tightness, attack of shortness of breath at rest, attack of shortness of breath after exercise, and woken by an attack of shortness of
breath.
xSubjects were only included if they did not have missing values for the BHR test.
ECHRS, European Community Respiratory Health Survey.

asthma did not change the estimate (HR 2.25; 95% CI 1.54
to 3.29).

Incidence of allergic and non-allergic asthma
Women were at greater risk of developing non-allergic asthma
than allergic asthma: 65% of the women with new-onset asthma
had no atopic sensitisation at follow-up. In men, 37% of incident
asthma cases were non-atopic. No gender difference was
observed for the incidence of allergic asthma (p>0.60; table 3). In
contrast, the incidence of non-allergic asthma was signiﬁcantly
higher in women than in men (HR 3.51; 95% CI 2.21 to 5.58;
p<0.0001). In men, the incidence rate of non-allergic asthma
remained very low until the age of 40 years and then increased to
levels similar or slightly higher than that for allergic asthma
(ﬁgure 2). In women, the incidence rate of non-allergic asthma
was already relatively high between the ages of 20 and 30 years,
and it remained high and signiﬁcantly higher than that in men
throughout all the reproductive years. A similar pattern of results
was obtained in the sensitivity analyses, including the analysis
using skin test results for the nine common allergens to deﬁne
atopy (online supplement, tables E4eE6).

DISCUSSION
In this large population-based cohort, the gender difference in
the prevalence of asthma increased with increasing age and
showed an increased risk of more than 20% in women than in
men after age 35 years. The ﬁndings were consistent across the
centres and during the two survey periods. Possible under-diagnosis of asthma appeared to be particularly frequent in nonatopic subjects, but was not more frequent in men than in
women. In subjects without asthma at baseline, the risk of newonset asthma over the follow-up was twofold higher in women
than in men, and this was not explained by differences in
smoking, lung function or obesity. More than 60% of the
women with new-onset asthma were not sensitised to any of
the allergens tested. The incidence of non-allergic asthma was
signiﬁcantly higher in women than in men throughout all the
reproductive years, whereas no gender difference was observed
for the incidence of allergic asthma.

Gender differences in non-allergic asthma
To our knowledge, this is the ﬁrst study to demonstrate that the
incidence of non-allergic asthma is higher in women than in men
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Table 1 Prevalence of asthma in representative samples of men and women screened for asthma at
ECRHS-I, and in men and women participating in ECHRS-I, stage 2 (1991e1993) and ECHRS-II
(1998e2002)

Epidemiology

Subjects diagnosed with asthma* in men and women with asthma-like symptoms and BHR (n/N)
%
All subjects
Men
(105/306)
Women
(131/463)
p Valuey
Atopic subjects
Men
(80/191)
Women
(88/223)
p Valuey
Non-atopic subjectsz
Men
(12/77)
Women
(29/182)
p Valuey

Non-smokersx

Current smokers

34.3
28.3
p¼0.08

(73/169)
(97/256)

43.2
37.9
p¼0.27

(31/130)
(31/199)

23.9
15.6
p¼0.06

41.9
39.5
p¼0.62

(56/120)
(67/148)

46.7
45.3
p¼0.82

(23/64)
(19/71)

35.9
26.8
p¼0.25

15.6
15.9
p¼0.94

(9/27)
(20/83)

33.3
24.1
p¼0.34

(3/50)
(9/98)

6.0
9.2
p¼0.75

*Data from ECRHS-I, stage 2. Proportion of subjects reporting current doctor-diagnosed asthma among subjects with BHR and
asthma-like symptom (breathless while wheezing, woken up with a feeling of chest tightness, attack of shortness of breath at rest,
attack of shortness of breath after exercise, and woken by an attack of shortness of breath) in the last 12 months.
yp Values are for gender differences in the proportion of subjects reporting a diagnosis of asthma (c2 test or Fisher exact test when
number of subjects is low).
zOverall, there were 6032 men and 6050 women with IgE to the four allergens tested of whom 77 (1.28%) men and 182 (3.01%)
women had asthma-like symptoms and BHR but no atopic sensitisation.
xNon-smokers include never smokers and smokers who had quit smoking for more than 1 year.

throughout all the reproductive years. In the Tucson cohort,
Dodge and Burrows reported that new diagnoses of asthma in
subjects older than 40 years occurred almost entirely in women,
and these subjects had no more allergic sensitisation than the
remainder of the population.6 Following a group of children
from age 10 to 20 years, Nicolai et al observed that most of the
incident cases were female, and atopy at age 10 was not associated with subsequent asthma onset.18 More recently,
Mandhane et al reported that in the Dunedin birth cohort, atopy
was a risk factor for adolescent wheeze in boys but not in girls.19
However, none of these studies have assessed the magnitude and
signiﬁcance of the gender difference in the incidence of allergic
and non-allergic asthma. To our knowledge, our study is also the
ﬁrst to report a lack of gender difference in the incidence rates of
allergic asthma. The incidence of allergic asthma appears to
decrease with age. This decrease has to be interpreted with
caution because subjects from younger cohorts contributed to
a greater extent to the incidence estimate at a younger age, and
there might be a cohort effect.17 However, the magnitude of the

Figure 1 Cumulative hazard function for new-onset asthma in men and
women. The figures show the cumulative expected number of men and
women developing asthma over follow-up, based on the NelsoneAalen
estimator using age as the time scale.
4 of 7

gender difference in the incidence of allergic asthma is unlikely
to be biased by a cohort effect because the same increase in
atopic sensitisation with younger age is observed in men and
women (online supplement, table E5).

Possible explanations for gender differences in asthma
incidence
Although most prospective studies in adults show a higher
incidence of asthma in women than in men, few studies have
simultaneously tested the possible effects of other relevant
factors.2e6 20 Gender differences in asthma diagnosis have been
demonstrated in children, but there are few data in adults.7 8 We
did not ﬁnd any suggestion of a more frequent diagnosis in
women. Gender differences in environmental exposure have
been put forward.4 In our study, women were at increased risk of
non-allergic asthma, suggesting that exposure to allergens is
unlikely to account for the higher incidence of asthma in
women. Higher exposure of women to other bronchial irritants
at home21 or at work22 cannot be excluded. Another possibility
might be a greater susceptibility of women at the same level of
exposure,23 which might, in turn, be related to their lower
airway calibre. However, the incidence of asthma remained
signiﬁcantly higher in women than in men after adjustment for
smoking, occupational exposure and lung function. In addition,
the higher risk of asthma in women is supported by their
increased risk of BHR, which cannot be explained by gender
differences in airway calibre.24 25 Other factors are likely to be
involved in the gender difference in asthma risk. The fact that
the gender differences in asthma prevalence were consistent
during the two survey periods and across countries with
different levels of exposure to environmental factors suggests an
effect of genetic and biological factors rather than socio-cultural
and environmental factors.
Obesity appears to be a potential major risk factor for asthma
development in women.5 In some studies, but not all, obesity
was found to be a risk factor for incident asthma in women but
not in men.5 Furthermore, obesity has been found to be more
strongly associated with non-allergic asthma than with allergic
asthma.26 A detailed analysis of the ECRHS suggested a potential differential diagnosis linked to the presence of obesity in
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Table 2 Asthma diagnosis in men and women with asthma-like symptoms and bronchial
hyperresponsiveness

Epidemiology
Incidence of asthma in women and men who reported they never had asthma at baseline
Number of incident
cases

Person-years

Outcome at follow-up

Women

Men

Women

Men

Women

Men

HR* (95% CI)
Women/men

Asthma
Asthma by age at baseline:
20e27 years
28e35 years
$36 years
Allergic asthma
Non-allergic asthma

152

82

36 733

34 351

4.14 (3.48 to 4.80)

2.39 (1.87 to 2.90)

1.74 (1.33 to 2.27)

34
52
66
44
81

20
17
45
39
23

9118
11 761
15 854
27 403
27 403

8538
10 709
15 104
27 189
27 189

3.73
4.42
4.16
1.61
2.96

2.34
1.59
2.98
1.43
0.85

1.58
2.76
1.40
1.12
3.51

Incidence per 1000 person-years (95% CI)

(2.48
(3.22
(3.16
(1.13
(2.31

to
to
to
to
to

4.98)
5.62)
5.17)
2.08)
3.60)

(1.32
(0.83
(2.11
(0.98
(0.50

to
to
to
to
to

3.37)
2.34)
3.85)
1.88)
1.19)

(0.91
(1.60
(0.96
(0.73
(2.21

to
to
to
to
to

2.75)
4.77)
2.04)
1.72)
5.58)

*Cox regression analysis (based on age at asthma onset) for incidence of doctor-diagnosed asthma in subjects who reported they never had asthma at baseline. Excludes incident cases with
age at asthma onset missing or age at onset $5 years before baseline (see methods).

women.16 However, in the present analysis, the higher incidence
of asthma in women could not be explained by differences in
BMI or change in BMI. Although obesity, as such, seems unlikely
to explain the higher risk of asthma in women, regulatory
molecules secreted by the adipose tissues (such as leptin) might
be involved in the gender differences in asthma.5
A role for sex hormones is frequently suggested, but no study
has been able to relate the switch in asthma prevalence occurring around puberty to changes in hormonal levels. In particular,
a recent cohort of adolescents does not show any relationship
between the pubertal stages and the incidence of asthma.3
However, in a cohort of children with asthma, a marked decrease
in bronchial responsiveness was observed after age 11 years in
boys, but not in girls.27 A possible relaxing effect of testosterone
on airway smooth muscle, and an anti-inﬂammatory and
immune-modulatory activity of the major adrenal androgen
dehydroepiandrosterone have been put forward.5 27e29 However
further studies are needed to assess whether male sex hormones
might have a protective effect in asthma. If the higher incidence
of asthma in girls after adolescence is related to the rise in female
sex hormones, one would expect a decrease in asthma incidence
after the menopause. Such a decrease was reported in the
Nurse’s Health Study, but other studies found contrasting
results.30 31 However, these studies have not considered allergic
and non-allergic asthma separately, and most of the animal
models that have been used to assess the effect of sex hormones
in asthma were based on allergen-induced airway responsiveness. Interestingly, recent studies suggest a possible dual effect
of female sex hormones.30 32 33 Data from a murine model
suggested that oestrogen may have a pro-inﬂammatory effect

in the process of antigen sensitisation per se, and an antiinﬂammatory effect during the effector phase of the response
to inhaled antigens.32 However, there are insufﬁcient data to
speculate on whether such an anti-inﬂammatory effect of
oestrogen in women already sensitised to allergens might
decrease their likelihood of developing symptoms.

Study strengths and limitations
One of the strengths of this study lies in the quality of the
ECRHS data. Standardised data for lung function, BHR and
speciﬁc IgE were available at baseline and follow-up, and for
a relatively large population-based sample of subjects with
different levels of exposure to environmental factors. As regards
the study limitations, loss to follow-up is a problem in any
longitudinal study. However, there was no suggestion of any
gender differential selection bias among subjects. The deﬁnition
of asthma was based on the subject’s report of doctor-diagnosed
asthma. This deﬁnition has been validated and found to be
highly speciﬁc, but of rather low sensitivity.20 We cannot totally
rule out a possible less frequent diagnosis of new-onset asthma
in men than in women. Overlap of chronic obstructive pulmonary disease (COPD) and asthma is a concern in this type of
analysis, particularly in non-atopic subjects. It has been
suggested that COPD is more likely to be diagnosed as asthma in
women than in men.34 However, only 12% of women with
incident non-allergic asthma were heavy smokers, only 8% had
a FEV1/forced vital capacity ratio lower than 0.70, 75% were
younger than 50 years old, and a higher incidence of non-allergic
asthma was found in women after excluding smokers at baseline
(online supplement, table E4). Furthermore, our data suggest

Figure 2 Sex and age-specific
incidence rates for allergic and nonallergic asthma. The number of personyears at risk, within each age group,
were respectively 5043, 10 696 and
11 451 in men, and 5152, 10 935 and
11 317 in women.
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Table 3

Epidemiology

Implications and conclusion
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Antó JM, Sunyer J, Basagaña X, et al. Risk factors of new-onset asthma in adults:
a population-based international cohort study. Allergy 2010;65:1021e30.
Novak N, Bieber T. Allergic and nonallergic forms of atopic diseases. J Allergy Clin
Immunol 2003;112:252e62.
Barnes PJ. Intrinsic asthma: not so different from allergic asthma but driven by
superantigens? Clin Exp Allergy 2009;39:1145e51.
European Network for Understanding Mechanisms of Severe Asthma. The
ENFUMOSA cross-sectional European multicentre study of the clinical phenotype of
chronic severe asthma. Eur Respir J 2003;22:470e7.
Nieves A, Magnan A, Boniface S, et al; ARIA. Phenotypes of asthma revisited upon
the presence of atopy. Respir Med 2005;99:347e54.
Knudsen TB, Thomsen SF, Nolte H, et al. A population-based clinical study of
allergic and non-allergic asthma. J Asthma 2009;46:91e4.
European Community Respiratory Health Survey II Steering Committee. The
European Community Respiratory Health survey II. Eur Respir J 2002;20:1071e9.
Chinn S, Downs SH, Anto JM, et al. Incidence of asthma and net change in
symptoms in relation to changes in obesity. Eur Respir J 2006;28:763e71.
Jarvis D, Luczynska C, Chinn S, et al. Change in prevalence of IgE sensitization and
mean total IgE with age and cohort. J Allergy Clin Immunol 2005;116:675e82.
Nicolai T, Pereszlenyiova-Bliznakova L, Illi S, et al. Longitudinal follow-up of the
changing gender ratio in asthma from childhood to adulthood: role of delayed
manifestation in girls. Pediatr Allergy Immunol 2003;14:280e3.
Mandhane PJ, Greene JM, Cowan JO, et al. Sex differences in factors associated
with childhood and adolescent onset wheeze. Am J Respir Crit Care Med
2005;172:45e54.
Torén K, Gislason T, Omenaas E, et al; RHINE Group. A prospective study of asthma
incidence and its predictors: the RHINE study. Eur Respir J 2004;24:942e6.
Jarvis D, Chinn S, Sterne J, et al. The association of respiratory symptoms and lung
function with the use of gas for cooking. European Community Respiratory Health
Survey. Eur Respir J 1998;11:651e8.
Kogevinas M, Zock JP, Jarvis D, et al. Exposure to substances in the workplace and
new-onset asthma: an international prospective population-based study (ECRHS-II).
Lancet 2007;370:336e41.
Gold DR, Wang X, Wypij D, et al. Effects of cigarette smoking on lung function in
adolescent boys and girls. N Engl J Med 1996;335:931e7.
Leynaert B, Bousquet J, Henry C, et al. Is bronchial hyperresponsiveness more
frequent in women than in men? A population-based study. Am J Respir Crit Care
Med 1997;156:1413e20.
Manfreda J, Sears MR, Becklake MR, et al. Geographical and gender variability in
the prevalence of bronchial responsiveness in Canada. Chest 2004;125:1657e64.
Appleton SL, Adams RJ, Wilson DH, et al; North West Adelaide Health Study Team.
Central obesity is associated with nonatopic but not atopic asthma in
a representative population sample. J Allergy Clin Immunol 2006;118:1284e91.

Leynaert B, Sunyer J, Garcia-Esteban R, et al. Thorax (2012). doi:10.1136/thoraxjnl-2011-201249

Thorax: first published as 10.1136/thoraxjnl-2011-201249 on 14 February 2012. Downloaded from http://thorax.bmj.com/ on September 26, 2021 by guest. Protected by copyright.

that asthma underdiagnosis is as frequent in women as in men.
Because subjects were aged 20 years or more at inclusion, we
cannot exclude the fact that a few subjects may have suffered
from mild respiratory symptoms as early as childhood, and that
these symptoms became severe enough in adulthood to be
diagnosed as asthma. However, the results from a longitudinal
birth cohort show that female sex is an independent predictor of
adult-onset asthma after adjustment for wheeze in childhood.35
Furthermore, the higher incidence of asthma in women was still
signiﬁcant after excluding subjects with respiratory symptoms
at baseline. As regards sensitisation, we cannot exclude that
a few subjects with new-onset asthma classiﬁed as ‘non-atopic’
had ever been atopic and developed tolerance. Another possibility is that some subjects sensitised to other less common
allergens may have been classiﬁed as ‘non-atopic’. However,
similar ﬁndings were observed when baseline skin test sensitisation to any of nine common allergens was additionally used to
classify incident cases as allergic and non-allergic asthma.

Epidemiology

28.
29.
30.

Tantisira KG, Colvin R, Tonascia J, et al; Childhood Asthma Management Program
Research Group. Airway responsiveness in mild to moderate childhood asthma: sex
influences on the natural history. Am J Respir Crit Care Med 2008;178:325e31.
Yu CK, Liu YH, Chen CL. Dehydroepiandrosterone attenuates allergic airway
inflammation in Dermatophagoides farinae-sensitized mice. J Microbiol Immunol
Infect 2002;35:199e202.
Kony S, Neukirch F, Goertz G, et al. Dehydroepiandrosterone sulfate (DHEAS) serum
levels are lower in asthmatic women than in nonasthmatic women. Results from the
European Community Respiratory Health Survey (ECRHS). Eur Respir J 2005;26:17.
van den Berge M, Heijink HI, van Oosterhout AJ, et al. The role of female sex
hormones in the development and severity of allergic and non-allergic asthma.
Clin Exp Allergy 2009;39:1477e81.

31.
32.
33.
34.
35.

Real FG, Svanes C, Omenaas ER, et al. Lung function, respiratory symptoms, and the
menopausal transition. J Allergy Clin Immunol 2008;121:72e80.
Riffo-Vasquez Y, Ligeiro de Oliveira AP, Page CP, et al. Role of sex hormones in
allergic inflammation in mice. Clin Exp Allergy 2007;37:459e70.
Matsubara S, Swasey CH, Loader JE, et al. Estrogen determines sex differences in
airway responsiveness after allergen exposures. Am J Respir Cell Mol Biol
2008;38:501e8.
Chapman KR, Tashkin DP, Pye DJ. Gender bias in the diagnosis of COPD. Chest
2001;119:1691e5.
Stern DA, Morgan WJ, Halonen M, et al. Wheezing and bronchial hyperresponsiveness in early childhood as predictors of newly diagnosed asthma in early
adulthood: a longitudinal birth-cohort study. Lancet 2008;372:1058e64.

PAGE fraction trail=6.25

Leynaert B, Sunyer J, Garcia-Esteban R, et al. Thorax (2012). doi:10.1136/thoraxjnl-2011-201249

7 of 7

Thorax: first published as 10.1136/thoraxjnl-2011-201249 on 14 February 2012. Downloaded from http://thorax.bmj.com/ on September 26, 2021 by guest. Protected by copyright.

27.

