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Introduction

Summary

Background Whereas effects on allergic and respiratory health have been established for passive
tobacco smoking, contradictory results still exist for active tobacco smoking.

Objective  Whether adolescents with asthma and allied diseases have higher rates of active smoking
compared with adolescents without asthma was assessed after controlling for environmental tobacco
smoking exposure.

Methods A population-based sample of 14578 adolescents was enrolled in an epidemiological
survey on allergies in France.

Results  After controlling for age, sex, geographic region, familial allergy and passive smoking,
current (in the past year) wheezing (12.4%), current asthma (5.6%), lifetime asthma (12.3%), current
rhinoconjunctivitis (13.9%), lifetime hayfever (14.4%) and current eczema (9.3%) but not lifetime
eczema (22.5%) were all significantly related to active smoking (> 1 cigarette/day) (9.3%). A higher
risk of current wheezing, current and lifetime asthma or current eczema was seen in smokers exposed
to passive smoking compared with smokers not exposed to it using a polychotomous logistic
regression model, in which the different modalities of exposure to active and passive smoking
constituted the response variable. Passive smoking was significantly associated only with current
diseases. Active smoking was also highly related to both severe asthma (OR = 4.02; 95% confidence
interval: 1.37, 11.79) and severe rhinoconjunctivitis (OR =2.95; 1.58, 5.49). The highest rate of
adolescents suffering from the co-morbidity of lifetime asthma and hayfever (3.6%) was also seen in
active smokers compared with passive and non-smokers (5.5% vs. 3.6% and 3.1%, respectively;
P=0.001).

Conclusions Being asthmatic or allergic does not seem to act as a deterrent towards starting active
smoking or continuing to smoke in adolescence. Results suggest the need for considering individual
allergic status in programming health educational activities aimed at reducing smoking among
adolescents.
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terms of allergic and respiratory consequences have been
established for passive tobacco smoking by several rigorous

For several decades, a documented increase in the incidence
of IgE-mediated allergic diseases such as asthma, allergic
rhinitis and atopic dermatitis (eczema) has occurred in
industrial nations, probably due to environmental changes
[1]. The risk factors that might have contributed to this
increase include active and passive tobacco smoking, which
are on the rise in certain age groups and in females. Effects in
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studies [2]. In contrast, findings concerning active tobacco
smoking are contradictory [3]. Furthermore, the effects of
active smoking have not been separated from those of passive
smoking thus far, so that the proper effect of active smoking
on asthma and allied diseases has still to be determined.

Based upon data from a large representative population-
based sample of adolescents, the present study was intended
to determine the relationship of active forms of tobacco
smoking to asthma and allied diseases while taking passive
tobacco smoking as well as other potential confounding
factors of the relationship into account.
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Methods

Population

A questionnaire-based survey on asthma and allied diseases
was conducted in 1993-1994 in five centres of France (Bor-
deaux, Marseilles, Montpellier, Strasbourg, West Marne).
Each of the centres studied a group of 3000 eighth and ninth
grade school adolescents, the majority of whom were 13 or 14
years of age. The choice of 3000 was made for statistical
reasons according to the protocol of the International Study
of Asthma and Allergies in Childhood (ISAAC) [4]. The
studied groups were selected from strictly limited geographic
region.

Authorization by the ‘National Commission of Informatics
and Civil Liberties (CNIL)’ was sought and obtained before
conducting the survey. The parents of the teenagers were in-
formed by mail of the purposes and modalities of the survey,
and their written assent was requested, in all but one of the
centres (Montpellier).

Questionnaire

Adolescents filled out a self-administered standardized ques-
tionnaire at school. Questions derived by the ISAAC ques-
tionnaire [4] were used to assess the prevalence, severity and
management of asthma and allied diseases, namely wheezing,
allergic rhinitis and eczema, respectively. Such questions had
been previously validated [6-9] and had been translated from
English into French by a native French speaker, then back
translated into English by a native English speaker. This
process had been pursued until the initial English wording
had been obtained. Final French wording was provided by
consensus among the Allergy and Respiratory Medicine
department heads of the participating centres. Furthermore, a
study of the reproducibility of answers to the self-adminis-
tered questionnaire by the teenagers was carried out one year
after the main survey in a sample of 345 teenagers by the
centre in Marseilles. The degree of accord was significant for
the overall set of questions [5]. Questions derived from the
British Medical Research Council and the European Com-
munity Respiratory Health Survey (ECRHS) were used to
assess smoking habits among teenagers and family history of
allergy except in Montpellier, which limited the survey to
health outcomes.

Health outcomes and risk factors studied

The following health outcomes were considered:

— current wheezing: a history of ‘chest wheezing or whistling
in the chest over the previous 12 months’;

— current asthma: chest wheezing or whistling over the pre-
vious 12 months with a history of asthma at some point in
life;

— lifetime asthma: a history of asthma at some point in life
according to the standardized question ‘Have you ever had
asthma?’;

— current rhinoconjunctivitis in the past year: a history of
‘nasal symptoms (sneezing, nasal discharge or nasal
obstruction) accompanied by tearing and itching eyes in

the absence of a cold or respiratory infection over the
previous 12 months’;

— lifetime hayfever: a history of hayfever at least once in life
(‘have you ever had hayfever?);

— current eczema in the past year: a history of ‘an itchy skin
rash over the previous 12 months, which had affected the
flexures at some time’;

— lifetime eczema: a history of eczema or atopic dermatitis at
least once in life (‘Have you ever had eczema?’).

Severe current asthma was ascertained as: >4 attacks of
wheezing associated with attacks severe enough to limit
speech to only one or two words at a time between breaths,
and ever being woken at night by an attack in the past year.
Severe current rhinoconjunctivitis was defined as current
rhinoconjunctivitis having interfered a lot with daily activities
in the past year.
Three tobacco-smoking habits were defined:

1. Non-smoking: the subject does not smoke and is not
exposed to cigarette smoke from others;

2. Active cigarette smoking: smoking at least one cigarette a
day for 1 year;

3. Passive tobacco smoking: the subject does not smoke but is
exposed to tobacco smoke from others. Depending on the
information available, two subtypes of passive tobacco
smoking were considered: exposure to parental smoking
alone or exposure to that of parents and others.

To better separate active from passive smoking, a categorical
four-class variable for smoking habits, defined according to
whether the teenagers were active smokers exposed to passive
smoking, active smokers non-exposed to passive smoking,
passive smokers only or non-smokers, respectively, was also
considered in the analysis.

The other factors taken into account as potential con-
founders in the study of the relationship between smoking
habits and asthma and allergic disorders were age, sex,
geographic region, latitude and family history of allergy
(except in the centre of Bordeaux were it was not available).

Statistical analysis

Conventional methods were used for comparing percentages
[10]. The logistic regression model was used to determine the
risk (odds ratio, OR) between each allergic disorder and
active cigarette smoking, after adjustment for potential risk
factors [11]. Furthermore, the polychotomous logistic regres-
sion model, generally used to establish the ORs when the
response variable consists of events that may have more than
two outcomes, was employed to estimate the OR between the
four-class smoking variable and asthma and allied diseases
after allowing for potential confounders.

The population taken into account for the present analysis
is represented by the overall group of 13- or 14-year olds
surveyed in all centres except for Montpellier, where data on
active and passive tobacco smoking were not available.
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Results

Participation

The final sample included 15171 adolescents. The response
rate varied from 78% in Bordeaux to 86% in West Marne.
The sex ratio was well balanced in all four centres. There was
no difference in age in the centres. In all four centres, the girls
were younger than the boys and this difference was significant
except in Bordeaux. Data on allergic disorders and smoking
habits were available for 14 578 adolescents.

Asthma and allied diseases

Eczema was the most frequent disorder among the studied
adolescents followed up by allergic rhinitis and asthma (Table 1).
A history of asthma at some point in life and of current
wheezing (current asthma) was reported by 5.6%. There were
significantly more boys who had lifetime asthma and current
wheezing and asthma, but significantly more girls who had
nasal allergic symptoms and lifetime and current eczema. As
expected, the cumulative prevalence of lifetime asthma and
hayfever increased with age. Current asthma and allergic
disorders were not age-dependent. Asthma and allied diseases
were more frequent in the two southern French centres than
in the two northern ones, with maximum prevalence in
Bordeaux. Both severe asthma and current rhinoconjunctivi-
tis were rare (0.2% and 0.4%, respectively).

Tobacco smoking habits

The majority of the teenagers were passive smokers (Table 1);
non-smokers were intermediate in number between passive
and active smokers. More teenagers were exposed to passive
smoking in the two northern centres. The prevalence of
passive exposure rose with age. Girls were more exposed to
passive smoking than boys in all four centres, but the
difference reached statistical significance only in Strasbourg
and Bordeaux. There was no sex/gender-related difference
with respect to active cigarette smoking. As would be ex-
pected, the percentage of active smokers increased with age.
There were more active smokers in the northern centres, par-
ticularly in West Marne where significantly more boys
smoked than girls. Conversely, significantly more girls smoked

than boys in Marseilles and Bordeaux. No sex-related dif-
ferences were observed in Strasbourg. The average number of
cigarettes smoked was higher among boys in all four centres.
Overall, active boy smokers consumed 6 cigarettes a day
compared with 5 for girl smokers. Among active smokers,
1.4% was not exposed at all to passive smoking.

Asthma and allied diseases related to smoking habits

Among active smokers we found the greatest percentage of
asthma and allied diseases except lifetime eczema (Table 2).
Relations were stronger in girls (Fig. 1). The relationships
persisted after applying a logistic regression model in which
asthma and allied diseases (one at a time) were included as
response variables and age, sex, geographic region as well as
active and passive cigarette smoking, respectively, as inde-
pendent variables (Fig. 2). In particular, current asthma was
also significantly associated with active smoking. Passive
tobacco smoking was associated only with current wheezing,
rhinoconjunctivitis or eczema. Results remained significant
for both active and passive smoking after including in the
model also family history of allergy (all the centres but
Bordeaux) and in the case of active smoking after having
excluded individuals exposed to passive smoking. According
to the polychotomous logistic regression model adjusted on
age and sex, adolescents exposed to both active and passive
smoking presented a slight higher risk of current wheezing,
current and lifetime asthma and current eczema but not of
nasal allergies and lifetime eczema than smokers who were
not exposed to passive smoking, passive smokers or non-
smokers, respectively (Table 3). Similar ORs, although not
always significant, were obtained after additional adjustment
in the polychotomous model for geographic zone and familial
history of allergy.

The highest rate of adolescents suffering from the co-
morbidity of lifetime asthma and hayfever (3.6%) was also
seen in active smokers compared with passive and non-
smokers (5.5% vs. 3.6% and 3.1%, respectively; P = 0.001).
Lastly active smoking was highly related to both severe
asthma (OR = 4.02; 95% confidence interval: 1.37, 11.79) and
severe rhinoconjunctivitis (OR =2.95; 1.58, 5.49). Passive
smoking was associated only with severe rhinoconjunctivitis
(OR =2.84; 1.35, 5.95).

Table 1. Prevalence of asthma and allied disorders and tobacco smoking in adolescents (n= 14578)

Boys Girls OR
All (n=7143) (n=7435) (boys vs. girls) 95% ClI

Asthma and allied disorders (%)

Current (past year) wheezing 12.4 12.7 12.0 0.94 0.85-1.04

Current asthma 5.6 6.5 4.7 0.72 0.62-0.83

Lifetime asthma 12.3 13.6 111 0.79 0.72-0.87
Current rhinoconjunctivitis 13.9 11.3 16.4 1.54 1.40-1.69

Lifetime hayfever 14.4 135 15.3 1.16 1.06-1.27

Current eczema 9.3 7.7 10.8 1.45 1.30-1.63

Lifetime eczema 22.5 20.2 24.8 1.30 1.20-1.40
Smoking (%)

Non-smokers 40.3 42.1 38.6 1 -

Passive smokers 50.4 48.8 52.0 1.16 1.09-1.25

Active smokers 9.3 9.2 9.4 1.12 1.00-1.26

OR, odds ratio; 95% Cl, 95% confidence interval.
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Table 2. Relationship of asthma and allied disorders to active and passive smoking in adolescents (n= 14578)

Non-smokers Passive smokers Active smokers P passive vs. P active vs. P active vs.
(n=5871) (n=7353) (n=1354) P non-smokers non-smokers passive+non-smokers

Current (past year) wheezing 11.0 12.5 17.9 0.0001 0.01 0.0001 0.0001

Current asthma 5.5 5.6 6.7 NS NS 0.08 0.06

Lifetime asthma 1.9 12.3 14.2 0.06 NS 0.02 0.02

Current rhinoconjunctivitis 121 14.2 19.9 0.0001 0.001 0.0001 0.0001

Lifetime hayfever 13.3 14.3 20.0 0.0001 0.11 0.0001 0.0001

Current eczema 8.0 9.4 14.4 0.0001 0.005 0.0001 0.0001

Lifetime eczema 22.6 22.2 24.0 NS NS NS NS

P, probability; NS, not significant.
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Fig. 1. Prevalence of asthma and allergies in adolescents according to

smoking habits and sex in France. CA, current (past year) wheezing

associated with a history of asthma; LA, lifetime asthma; CR, current (past
year) rhinoconjonctivitis; LHF, lifetime hayfever; CE, current (year) eczema;
LE, lifetime eczema. *P<0.05; **P<0.01; ***P<0.001.
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Fig. 2. Relationships of active and passive smoking to asthma and allied
diseases in adolescents after adjustment for potential confounding factors
in France. Figures are odds ratio (OR) obtained with logistic models. The
model predicting factors associated with passive smoking was adjusted for
age, sex, region, active smoking (and familial history of allergy when
appropriate) whereas the model predicting factors associated with active
smoking was adjusted for age, sex, region, passive smoking (and familial
history of allergy when appropriate), respectively. CA, current asthma; LA,
lifetime asthma; CR, current rhinoconjonctivitis; LHF, lifetime hayfever; CE,
current eczema.
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Table 3. Relationship of asthma and allied disorders to smoking habits by separating active smokers non-exposed to passive smoking from active smokers

exposed to passive smoking in adolescents (n= 14578)

Non smokers
(reference group)

Passive smokers

Active smokers
exposed to passive

Active smokers
non-exposed to passive

(n=5871) (n=7353) smoking (n = 206) smoking (n=1148)
Current (past year) wheezing 1 1.2 (1.0-1.2) 1.7 (1.1-2.4) 1.9 (1.6-2.2)
Current asthma 1 1.0 (0.9-1.2) 1.2 (0.7-2.1) 1.2 (1.1-1.4)
Lifetime asthma 1 1.1 (0.9-1.2) 1.1 (0.69-1.6) 1.3 (1.1-1.6)
Current rhinoconjunctivitis 1 1.2 (1.1-1.3) 2.1 (1.5-2.9) 1.7 (1.5-2.0)
Lifetime hayfever 1 1.1 (0.9-1.2) 1.5(1.1-2.2) 1.5 (1.3-1.8)
Current eczema 1 1.2 (1.0-1.2) 1.8 (1.2-2.7) 2.0 (1.7-2.5)
Lifetime eczema 1 0.9 (0.9-1.3) 1.3 (0.9-1.8) 1.1 (0.9-1.3)

Figures are odds ratio obtained using polychotomous logistic regression model (95% confidence interval) adjusted on age and sex.

Discussion

In our large population-based sample of young teenagers,
asthma and allergic diseases except lifetime eczema were
significantly associated with active tobacco smoking even
after controlling for passive tobacco smoking, which is
known to increase asthma especially in children. Although
wheezing is increased along with cough and phlegm in
adolescents who smoke independently of asthma, this could
not explain the relationship we found between active smoking
and chest wheezing or whistling over the previous 12 months
associated with a history of asthma at some point in life
(current asthma) in the adolescents.

The role of active cigarette smoking as a potential risk fac-
tor, a selection factor (‘healthy smoker effect’) or a modifier
(with respect to their severity) of asthma and allied diseases is
still discussed [3, 12]. Various studies [13-20], but not all those
having examined the relationship [21-25] have suggested that
active cigarette smoking could be a risk factor for asthma
overall among adolescents. However, only longitudinal stud-
ies [15-17, 22] can contribute to establish the causality be-
tween smoking and asthma. Interestingly, the present study
completed previous population-based observations according
to which both allergic rhinitis and eczema are more com-
monly reported by current smokers among adolescents [26]
and by former smokers among adults [27, 28], respectively.
Active smoking has also been linked to the severity of asthma
in both adolescents [19] and adults [29], which was confirmed
in the present study where active smoking was highly asso-
ciated not only with severe asthma but also with severe rhi-
noconjunctivitis. The relationship of active smoking to
asthma and allied disease we found is consistent with the
fact that tobacco consumption is a known risk factor for
elevated total IgE levels and bronchial and nasal hyper-
responsiveness, which constitute intermediate phenotypes of
IgE-mediated allergy. However, such consistence does not
allow assessing that tobacco smoking is a risk factor for
asthma and allied diseases in the absence of prospective data.

Isolating active from passive smoking in the investigation of
the relationship between tobacco and asthma and allied
diseases was necessary because of the kwon effects of passive
tobacco smoking in terms of allergic and respiratory diseases,
and represents one of the added features of our study. An-
other supplementary characteristic of our study is provided
by the taking into account of the additive effect of active and
passive smoking. A slight higher risk of current wheezing,

current and lifetime asthma as well as current eczema was
seen in smokers who were exposed to passive smoking of
parents and peers compared with smokers not exposed to
passive smoking, true passive smokers or non-smokers, re-
spectively. A cumulative effect of active and passive smoking
had already been hypothesized in respiratory diseases other
than allergy, but without any quantification. Finally, our study
allowed exploring the effects of active smoking on the co-
morbidity between asthma and rhinitis, which was lacking [30].
It has been shown that the major period of risk for
becoming a cigarette smoker is adolescence, a time of life that
is characterized by various developmental changes. Yet, the
important question of whether the effects of tobacco smoking
in adolescence may be more harmful than at other periods of
life has not been addressed so far. Stricto sensu, this cannot be
settled by a cross-sectional study like ours. However, our data
provide two epidemiological arguments in favour of a higher
effect of active smoking in the youth than in adulthood. The
relationship (1) was observed among teenagers in spite of the
small number of cigarettes smoked, so suggesting the exist-
ence of a lower sensitivity threshold in adolescence than later;
and (2) existed for various clinical manifestations of allergy
among adolescents whereas only for asthma among adults, so
putting forward the hypothesis of a wider spectre of action of
active smoking in adolescence. From the biological point of
view, this could be due to factors encountered in puberty such
as hormones, which are inter-related to individual suscepti-
bility to nicotine [31], although genetic factors certainly play a
role [32]. Nevertheless, longitudinal studies would be neces-
sary to substantiate the hypothesis that adolescence may in-
fluence the relationship between active tobacco smoking and
allergic disorders in a more harmful way than later in life.
In the absence of longitudinal data, the hypothesis can be
raised that active smoking could act as a factor influencing
the persistence of the disease, since it is extremely likely that
in the class of age considered in the study the onset of asthma
comes before the start of the exposure to active smoking.
Data on the age of asthma onset were not available in the
study but in one centre (West Marne) where most adolescents
(90%) had their first asthma attack before the age of 12 years
(mean and median age of asthma onset: 7.5 and 9 years,
respectively) and thus before their starting of smoking. That
asthma onset likely precedes active smoking is also confirmed
by its natural history with the highest prevalence and inci-
dence rates for asthma observed before puberty (the so-called
Allergy March) when active smoking starts. Thereafter, the
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figures for asthma decrease. We had previously shown that
different phenotypes of asthma exist according to the timing
of smoking onset [33]: asthma that developed before smoking
and asthma without smoking were both significantly related
to nasal allergy, parental asthma and atopy (as assessed by
skin prick test positivity and increased total and specific IgE
levels) whereas only a lower FEV, level was significantly as-
sociated with asthma that initiated after beginning smoking.
There exists also epidemiological evidence that the effects of
active smoking on asthma seen in adolescence persist through
life. In various industrialized countries (except one [23]), the
relationship of tobacco smoking to either the prevalence or
the severity of asthma in adolescence is paralleled by a re-
lation to asthma severity in adulthood, like if there were
continuity in the action of tobacco.

Our finding that passive smoking might act also on allergic
rhinitis contrasts with previous investigations conducted in
population-based samples [34, 35]. However, it is consistent
with experimental and clinical data according to which pas-
sive smoking can trigger nasal symptoms [36], and participate
in the enhancement of total IgE production, especially among
women [37], and allergic mediators in nasal mucosa [38].

Our findings acquire relevance from the public health point
of view in the light of the non-negligible prevalence of active
and passive smoking in adolescence. Although direct com-
parisons of smoking habits among adolescents are difficult
because active smoking is often occasional in adolescence,
various studies have shown that in average one out of ten
adolescents already smoke in industrialized countries (the
present study 9%, Italy 9%, USA 12%, UK 12%, Europe
10%, respectively). Passive smoking exposure in adolescence,
for which data are less available in the literature, seems even
more prevalent; one out of two adolescents being exposed to
passive tobacco smoking in industrialized countries. There-
fore, the effects of active and passive smoking are potentially
noxious in terms of allergic and respiratory health even in
adolescence.

From the methodological point of view, large population-
based studies using suitable statistical methods allowing for
potential confounders are especially valuable in public health
because it has been shown that inferences from such obser-
vations are highly reliable. Among the confounders, familial
history of allergy was taken into account in our study, thus
avoiding differential reporting of exposure and diseases
among the children of allergic parents. Furthermore, recall
bias was avoided in our study, as active smoking was asso-
ciated with both current allergic diseases and lifetime disor-
ders. The validity of assessing active and passive smoking by
questionnaire has been extensively proven [39]. It would have
been interesting to take into account parental smoking his-
tory over the children’ lifetime, but such data were not
available in the entire sample. However, the validity of such
assessment is questionable, as recall bias cannot be excluded
in the reporting of lifetime exposure to smoking overall
among parents of allergic and asthmatic children.

In the light of our results, being allergic does not seem to
act as a deterrent towards starting active tobacco smoking or
continuing to smoke in adolescence but rather as an incentive
to stop smoking later in life due to the severity of the disease
that smoking induces. That active smoking might be respon-
sible for smoking cessation in adults with severe asthma is

supported by various studies having observed a higher prev-
alence of asthmatics among former smokers [3].

In conclusion, our results suggest the need to (1) adopt
preventive measures concerning smoking in adolescence in
order to protect young teenagers from development and
exacerbation of allergic manifestations and (2) take into
account the individual allergic status in programming health
educational activities aimed at reducing smoking among ad-
olescents. Such measures would appear all the more justified
because active cigarette smoking typically begins during
adolescence.
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