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ABSTRACT: The role of smoking as potential risk factor, selection factor ("healthy
smoker" effect) and modifying factor (severity) of asthma was studied in the
Epidemiological study on the Genetics and Environment of Asthma, bronchial
hyperresponsiveness and atopy (EGEA).

The analysis involved 200 adult asthmatic cases recruited in chest clinics, 265
nonasthmatic controls and 586 relatives of asthmatics (147 with asthma).

Asthma in childhood was not associated with a reduced take-up of smoking (odds
ratio (OR)=1.06 in males and 0.98 in females), but smoker asthmatic cases quit more
often than controls (OR = 2.20 (95% confidence interval (95% CI) 1.11-4.34) in males
and 2.76 (1.19±6.42) in females). Adult onset asthma was unrelated to ever smoking
(OR 1.07 in males and 1.02 in females). In asthmatic cases, active smoking was
associated with asthma severity. Current smokers, compared to never and exsmokers,
had more asthma symptoms, more frequent ($1 attack.day-1) asthma attacks (OR
2.39 (95% CI 1.06±5.36)) and higher asthma severity scores. No clear pattern regard-
ing the relationships of smoking habits with asthma was observed in first degree
relatives.

It is concluded that active smoking is not a risk factor for asthma in adulthood, but
that smoking increases asthma severity.
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It is generally considered that real asthmatics are non-
smokers [1] and, therefore, relatively little epidemiologi-
cal research has focused on the relationship of smoking
behaviour to asthma. It is recognized that maternal smok-
ing is a risk factor for asthma in children [2] and that
smoking increases the incidence of asthma in subjects
exposed to some occupational agents [3]. However, there
is conflicting evidence as to whether active smoking in
general may be a risk factor for asthma, although there
are more studies showing no association [4] than studies
supporting that hypothesis [5]. The association between
smoking and asthma is difficult to understand due to
potential biases. Self-selection towards smoking initiation
or favouring quitting [6] may mask cross-sectional asso-
ciations between current smoking and asthma. Such asso-
ciation may also be masked if some smoker asthmatics
are labelled with another diagnosis [7]. Studying subjects
with some particular susceptibility (occupational expos-
ure or familial history of asthma) may be one means of
evidencing the potential role of active smoking in asthma
because the relationships may appear stronger in such
groups [3, 8]. In asthmatic patients, few studies have
analysed the role of smoking as an aggravating factor [9].
A great part of the burden of asthma relates to severe
asthma, and smoking may modify the inflammatory char-
acteristics of the disease. Few severe asthmatics are
generally included in surveys conducted in general popu-
lations, which has limited the study of the effect of
smoking on asthma severity.

The general objective was to study the relationship of
smoking habits to asthma using the data of the EGEA
(Epidemiological study on the Genetics and Environment
of Asthma, bronchial hyperresponsiveness and atopy), a
case/control study with an examination of first degree
relatives of asthmatic cases. The specific objectives were to
consider the following complementary aspects: smoking as
a potential risk factor for asthma, asthma as a selection
factor (healthy smoker effect) and smoking as a modifying
factor of asthma (severity).

Methods

The study combined a case/control study and a family
study. The protocol has been described elsewhere [10].
Asthmatic probands were recruited in chest clinics at six
clinical centres. The inclusion criteria were place of birth,
area of residence, age, familial structure and, for proband
cases, a positive answer to the four following standar-
dized questions [10]. Have you ever had attacks of breath-
lessness at rest with wheezing? Have you ever had asthma
attacks? Was this diagnosis confirmed by a physician?
Have you had an asthma attack in the last 12 months? Of
446 cases and 1,016 controls who fulfilled all inclusion
criteria, 278 cases and 416 controls were examined. A
further group of 70 cases who did not answer positively
to the four questions but were included after a consen-
sus decision based on their medical records were also
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examined [10]. Adult controls were mostly population-
based (208 were recruited through electoral rolls, 26
through surgery departments and 76 from a check-up
centre). The population examined included 348 nuclear
families (213 adult and 135 paediatric probands) ascertain-
ed through one asthmatic and 416 controls, totalling 1,847
subjects. The study population included for the present
analysis comprised 1,071 adults aged $18 yrs with data
on smoking habits (200 asthmatic cases, 265 nonasthma-
tic controls, 147 asthmatic relatives of asthmatic cases
and 459 nonasthmatic relatives of asthmatic cases). Basic
data (including smoking) were recorded through a self-
completed questionnaire and allowed estimation of whe-
ther bias occurred in those who participated to the study.
Smoking habits were unrelated to participation. The av-
ailability of two questionnaires (self-completed and main
questionnaire) allowed the reproducibility (mean delay of
115 days for cases and 83 days for controls) of the smok-
ing habit data to be tested. Two-class (ever and never) and
three class (never, exsmoker and current) smoking habit
variables exhibit good reproducibility with kappas of 0.90
and 0.88 respectively. The kappas were similar in cases
and in controls.

Subjects answered a detailed questionnaire based on the
British Medical Research Council (BMRC)/European Coal
and Steel Community (ECSC), American Thoracic Society
and European Community Respiratory Health Survey
(ECRHS) questionnaires [11±13] with additional ques-
tions when needed. Smoking was considered in three clas-
ses: current smokers, exsmokers and never smokers.
Smokers were defined as subjects who reported currently
smoking cigarettes, pipes, cigarillos or cigars at the time of
the survey. Exsmokers were subjects who had smoked
daily and given up $1 month before the survey. Non-
smokers were those who had never smoked. The daily
consumption of tobacco was evaluated, considering one
cigarette, one cigarillo and one cigar equal to 1, 2 and 5 g,
respectively. Data on tobacco consumption before quitting
smoking were collected. Cumulative consumption was
computed taking into account current consumption and
smoking habits in two preceding periods in cases of
change. Heavy cumulative consumption was defined by
$10 pack-years.

Bronchial challenge and allergy skin-prick testing were
performed following mostly the ECRHS protocol. For
subjects with a forced expiratory volume in one second
(FEV1) of $80% of the predicted value, a methacholine
bronchial challenge test was performed (maximum dose 4
mg) using a Biomedin spirometer (Biomedin Srl, Padua,
Italy) in all centres, except in Lyon, where a Pneumotach
Jaeger spirometer (Jaeger) was used. The allergens used for
the skin-prick tests were all those considered in all areas of
the ECRHS survey, i.e. cat, Dermatophagoides pteronys-
sinus, Cladosporium herbarum, Alternaria tenuis, timothy
grass, birch, Parietaria judaica, ragweed, Aspergillus and
Blattella germanica were also included in the tests. The
prevalence of positive results was a determined using a cut-
off of mean weal diameter of 3 mm greater than that of the
negative control.

Asthmatic cases were divided into those with childhood
onset asthma (onset 0±15 yrs, 74 cases) and those with
adult onset asthma (onset 16±63 yrs, 125 cases). There
were no childhood onset asthmatic cases who had started
smoking before asthma onset. Among those with adult

onset asthma, seven out of the 67 ever smokers started
smoking after asthma onset and were excluded from the
analysis of smoking as a risk factor for asthma (see below).

A severity score for asthma was established using an a
priori decisional tree [14]. Asthmatics were classified as
severe if they had more than one asthma attack per week
and breathlessness with activity limitation between att-
acks, severe dyspnoea on exercise or an FEV1 of <60%
pred, or were hospitalized in the past year for asthma or at
least once in the intensive care unit. Mild asthma was
defined by less than one attack per week, no persisting
symptoms between attacks, no dyspnoea on exercise and
an FEV1 $80% pred. The remaining asthmatics were
classified as moderate. The three classes were coded 1, 2
and 3 for quantitative analysis.

Analysis

The analysis of the relationship of smoking habits with
asthma was conducted following taking a smoking life
history. The specific questions addressed were: 1) whether
asthma in childhood modifies (decreases) initiation of
smoking by comparing ever smoking in childhood onset
asthmatics to controls taking into account other potential
variables related to the initiation of smoking (i.e. depen-
dent variable is ever smoking); 2) whether smoking (ever)
is a risk factor for asthma by comparing adult onset asth-
matics to controls regarding ever smoking taking into ac-
count other potential variables (such as atopy) related to
asthma (i.e. dependent variable is adult onset asthma); 3)
whether in ever smokers, asthma (any) modifies smoking
behaviour (amount or duration); and 4) whether, in asth-
matics, smoking habits modify the characteristics of asth-
ma, in particular its severity.

The statistical analysis included the Chi-squared test for
comparison of proportions, the t-test for mean comparisons
and logistic regression for multivariate analysis. In ever
smokers, a detailed analysis of factors related to quitting
smoking was performed using a Cox proportional model.
For this, the survival variable was the duration of smoking
and the event was quitting. Although no formal matching
was performed in the design phase for age, sex, and city,
there was an attempt to balance cases and controls re-
garding these characteristics. Therefore, it was checked in
all analyses that adjustment for these three variables did not
change conclusions, but results are not always presented
with adjustment for city due to the small numbers invol-
ved. The statistical software package SAS (SAS Institute,
Cary, NC, USA) was used.

Results

Demographic characteristics, atopy and lung function
are presented in table 1 for cases and controls, and for the
first degree relatives of asthmatics according to their
personal history of asthma. The mean age of onset was
6.5 yrs for cases with childhood onset and 33.4 yrs for
cases with adult onset asthma. Regarding sociodemo-
graphic characteristics, cases and controls were similar
except for a somewhat lower proportion of professionals
among female cases than among female controls (14.6
versus 28.1%; p=0.09).
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Initiation of smoking

Eversmoking was as common in asthmatic cases as in
controls (table 2), for males (63.5 versus 61.7%, odds
ratio (OR)=1.08, 95% confidence interval (CI) (0.63±
1.84)) and females (41.7 versus 39.4%, OR 1.10, 95% CI
0.65±1.87). Male cases started smoking 1 yr younger than
controls (table 2). Whether childhood onset asthma (38
males and 36 females) might modify initiation of smok-
ing was studied. There was no relation between childhood
onset asthma and ever smoking in both males (OR 1.06,
95% CI 0.50±2.25) and in females (OR 0.98, 95% CI
0.46±2.08). Model 1 in table 3 shows that, after adjust-
ment for age, city and socio-occupational class, the ad-

justed ORs increased in males and was unchanged in
females, but in both cases remain nonsignificant.

Smoking as a risk factor for asthma

Whether smoking is a risk factor for asthma was studied
by restricting the comparison of controls to asthmatics to
those with adult onset after smoking initiation (table 3).
Ever smokers were at a similar risk of adult onset asthma
to never smokers (OR 1.07 (95% CI 0.54±1.87) in males
and 1.02 (0.54±1.94) in females. Adjustment for age,
atopy and city, increased the association slightly for both
males and females but remained nonsignificant. In adult
onset cases, smoking was unrelated to the age at asthma
onset. Reconstructing the amount of tobacco smoked
before 20 yrs of age, there was no difference between

Table 2. ± Smoking habits in cases and controls by sex

Male Female

Asthmatic
cases

Nonasthmatic
controls

p-value Asthmatic
cases

Nonasthmatic
cases

p-value

Subjects n 104 128 96 137
Age yrs 42.2�14.1 43.4�13.2 >0.10 37.5�12.7 40.6�12.1 0.06
Never smokers % 36.5 38.3 58.3 60.6
Exsmokers % 43.3 30.5 0.07 25.0 13.9 0.05
Current smokers % 20.2 31.2 16.7 25.5

Ever smokers n 66 79 40 54
Age yrs 42.6�12.8 45.7�12.3 - 37.7�12.0 39.0�10.7 -
Age at start of smoking yrs 16.8�2.2 17.9�3.8 0.04 18.6�5.1 19.0�10.7 -
Cumulative tobacco consumption pack-yrs 13.5�11.4 15.9�14.3 - 6.9�10.2 9.9�11.0 -

Current smokers n 21 40 16 35
Age yrs 36.0�12.6 40.5�11.8 - 33.2�11.5 36.2�11.3 -
Daily tobacco consumption g.day-1 11.1�7.6 15.4�2.2 0.10 8.4�4.0 10.6�8.1 -

Exsmokers n 45 39 24 19
Age yrs 45.6�11.9 50.9�10.5 0.03 40.7�11.7 44.2�7.2 -
Daily tobacco consumption before quitting g.day-1 17.6�12.4 17.1�11.9 - 9.8�6.6 13.3�13.1 -
Age at start of smoking yrs 17.1�2.0 18.5�3.7 0.03 19.2�6.2 20.4�7.9 -
Age at quitting smoking yrs 33.9�9.7 38.3�10.2 0.05 29.3�9.1 32.1�9.4 -

Data are presented as mean�SD, absolute values or percentages.

Table 1. ± Study population

Asthmatic
cases

Non-
asthmatic

cases

First degree relatives
of asthmatics

Asthmatics+ Non-
asthmatics#

Subjects n 200 265 147 459
Sex % male 52.0 48.3 49.7 47.3
Age yrs 40.1�13.6 42.0�12.7 36.5�11.4 38.8�11.5
Atopy* % 67.2 30.7 75.7 37.6
FEV1 % pred 87.1�21.1 105.0�14.2 100.6�18.1 105.5�13.5
Methacholine
challenge n 70 193 99 376

PD20

#4 mg % 87.1 24.9 63.6 29.3

Data are presented as mean�SD for age and forced expiratory
volume in one second (FEV1), *: weal $3 mm greater diameter
than control; +: 91 parents, 30 siblings and 26 offspring of asth-
matic probands; #: 307 parents, 62 siblings and 90 offspring of
asthmatic probands. The inclusion criteria for asthmatic cases
were based on four standardized questions [10]. In relatives,
asthma was defined by a positive answer to one of two questions
(Q): Q21 (attack of breathlessness with wheezing) and/or Q22
(asthma attack ever). PD20: provocative dose of methacholine
causing a 20% fall in FEV1.

Table 3. ± Relationship of asthma to active smoking:
study of cases and controls

Males Females

Childhood asthma as potential selection
Ever smoking* n 164 171
Childhood onset
asthma versus controls 1.85 (0.77±4.44) 0.97 (0.41±2.28)

Age (for 10 yrs) 1.18 (0.87±1.59) 0.72 (0.52±0.99)
Tobacco smoking as potential risk factor for asthma
Adult onset asthma* n 184 187
Ever smoking
(yes versus no) 1.21 (0.55±2.67) 1.19 (0.60±2.36)

Age (10 yrs)# 1.73 (1.25±2.38) 1.16 (0.87±1.54)
Atopy+ (yes versus no) 8.63 (3.60±20.70) 2.09 (1.03±4.23)

Data are presented as an odds ratio (95% confidence interval). *:
dependent variable; +: weal $3 mm greater diameter than
control; #: computed for a 10-yr difference from the logistic
regression in which age was entered as a quantitative variable.
The selection factor logistic regression model includes child-
hood onset asthma, age (yrs), socio-occupational class and city.
The risk factor logistic regression model includes ever smoking,
age (yrs), atopy and city. Asthmatics with asthma and onset
before starting smoking (n=7) were excluded.

o o
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controls of $20 yrs and asthmatics with an age at onset of
$20 yrs. This suggests that the quantity of tobacco
smoked during adolescence is not a risk factor for adult
onset asthma. Environmental tobacco smoke as a trigger
of asthma attacks was reported at the time of interview
significantly more in never smoker than in exsmoker and
current smoker asthmatics (68.9, 48.5 and 38.9% respec-
tively, p=0.003).

Amount and duration of smoking

In contrast to ever smoking, exsmoking was signifi-
cantly related to asthma for both males (OR 2.20, 95% CI
1.11±4.34) and females (OR 2.76, 95% CI 1.19±6.42),
with no significant difference between sexes. Among ex-
smokers, both male (OR 3.88, 95% CI 1.44±10.45) and
female (OR 3.21, 95% CI 0.81±12.75) asthmatics more
often reported that they stopped because of their bronchi.
The pattern of quitting smoking was studied in the popu-
lation. Overall, the age at quitting was nearly 5 yrs young-
er in cases than in controls (table 2). The detailed analysis
of smoking duration in cases and controls using Cox

models (fig. 1) further demonstrated that cases stopped
smoking earlier than controls in males and in females (p=
0.07 and p=0.005, respectively). Comparison of smoking
duration in cases with childhood and adult onset of
asthma and in controls showed that men with childhood
onset stopped earlier than those with adult onset, who
themselves stopped earlier than controls. Males with
childhood onset stopped significantly earlier than controls
(p=0.05). No difference according to age of onset was
observed in females. Adjustment of the Cox models for
level of education, socio-occupational class and atopy did
not modify the relationships. The amount of tobacco con-
sumed by asthmatics and controls was equal or slightly
lower in asthmatics in the last (current or prior to stop-
ping) period of smoking history, but this difference was
only of borderline significance for current smokers in
males (table 2).

Smoking as a modifying factor

The modifying effect of smoking habits on the clinical
and functional manifestations of asthma was studied (table
4). Current smokers more often reported a frequency of
asthma attacks of $1 attack.day-1 than did others, with an
OR of 2.39 (95% CI 1.06±5.36). Current smokers more
often reported an attack of breathlessness in the last 12
months and abnormal breathing between attacks than
others, with ORs of 5.39 (95% CI 1.82±15.84) and 2.06
(95% CI 0.97±4.36) respectively. Asthmatics with a high
cumulative consumption reported a higher proportion of
abnormal breathing compared to other asthmatics, with an
OR of 2.14 (95% CI 1.05±4.36).

Using the severity score (see methods), 23 asthmatics
were classified as mild, 96 as moderate and 81 as severe.
The percentages of current smokers were 13, 12.5 and
27.2% in asthmatics with mild, moderate and severe
asthma respectively (current smokers versus others p=0.03;
p-value for trend p=0.02). In male never smokers, exsmok-
ers and current smokers, the scores were 2.13, 2.24 and
2.43 and in female 2.30, 2.25 and 2.62 respectively. As
shown in table 4, after adjustment for age and sex, the
relation of smoking to severity score was statistically
significant (p=0.02). A lower educational level signifi-
cantly related to a higher severity score (2.52, 2.20 and
2.19 for primary, secondary and university level, p=0.01).
The strength of the relation of severity score with smok-
ing increased slightly after adjustment for educational
level (p=0.01). As for the separate severity items, ex-
smokers exhibited severity scores similar to never smok-
ers. The asthmatics with a history of a high cumulative
consumption had higher scores, but the relation was non-
significant (the age and sex-adjusted scores were 2.22,
2.28 and 2.47 for never smokers and smokers with
cumulative consumptions of <10 pack-yrs and $10 pack-
yrs respectively).

Exsmokers were similar to never smokers for all the
items considered and the severity score. Comparison of
exsmokers to current smokers showed that on average
exsmokers had less severe asthma than current smokers for
most characteristics. A borderline significant difference
was observed for a frequency of attacks of $1 attack.day-1,
with an OR in current smokers versus exsmokers of 2.43
(95% CI 0.96±6.21). The severity score in current smokers
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Fig. 1. ± Estimation of smoking duration using a Cox model among
asthmatic cases (ÐÐ : childhood onset; - - - - : adult onset) and nonasth-
matic controls (::::::::::) by sex. a) male; and b) female. Considering all
asthmatics together versus controls (male: n=74; female: n=47) gave a
relative risk (RR) of 1.50 (95% confidence interval (CI) 0.97±2.34) in
males and 2.48 (95% CI 1.32±4.66) in females. Splitting cases into those
with childhood and adult onset gave a RR compared to nonasthmatic
controls in adulthood of 1.38 (95% CI 0.85±2.23; n=40) and in child-
hood of 1.96 (95% CI 1.01±3.80; n=22) in males and in adulthood of
2.66 (95% CI 1.35±5.23; n=26) and in childhood of 2.13 (95% CI 0.87±
5.21; n=14) in females.
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was significantly higher than that in exsmokers (unad-
justed score p=0.05; age, sex and educational level adjust-
ed p=0.008).

Further analysis of the relationship of smoking habits to
severity was conducted using an indirect longitudinal
approach. The change in frequency of asthma attacks in
relation to smoking was studied indirectly by considering
the 74 subjects with childhood onset for whom data on the
frequency of attacks was recorded both in childhood (be-
fore any smoking) and at the time of examination. There
was an increase in the frequency for 30% of the subjects,
an unchanged frequency for 39%, and a decreased fre-
quency for 31%. A high cumulative tobacco consumption
($10 pack-yrs) showed some relationship with the incr-
ease from the childhood to the adulthood frequency of
asthma attacks (child/adult increase), but the association
did not reach significance. Compared to never smokers
(n=30), the ORs for the child/adult increase in asthma
attacks were, for heavy (n=11) and moderate (n=20) con-
sumption, 3.94 (95% CI 0.92±16.94) and 1.09 (95% CI
0.29±4.10) respectively. After adjustment for age and sex,
the results were similar.

Smoking habits in first degree relatives of asthmatics

The association between smoking habits and asthma
was analysed in the first degree relatives of asthmatic
probands. The smoking status in asthmatic relatives and in
nonasthmatic relatives are compared in table 5. As in the
comparison between cases and controls, asthma was
unrelated to ever smoking in first degree relatives. Age-
adjusted ORs for asthma in relation to ever smoking were
0.84 (95% CI 0.48±1.47) for males and 0.98 (95% CI
0.58±1.66) for females.

The pattern of relation of smoking habits to quitting
smoking and severity of asthma was less clear than among
cases and controls. Neither in the whole group of first
degree relatives, nor in any subgroup (fathers, mothers,
sons, daughters, brothers and sisters) was the relation sta-
tistically significant. In order to assess the potential in-
fluence of asthma in offspring on parental smoking habits,

a graphical analysis (not shown) of the respective timing of
parental quitting of smoking to offspring asthma onset was
performed. The number of subjects was limited, but no
particular pattern emerged. Asthmatic relatives were less
severe than asthmatic cases considering the various indices
and the composite severity score (1.79�.59 versus 2.29�
0.66 respectively). In asthmatic first degree relatives, there
was no significant association of severity criteria with
smoking habits, even considering a high cumulative tob-
acco consumption.

Discussion

Comparison of asthmatic cases (recruited in chest
clinics) and nonasthmatic controls from the EGEA study
showed that asthma was not associated with a decrease in
taking up smoking, but that smoker cases stopped smoking
earlier than controls. Analyses of the asthmatic cases show-
ed that active smoking was associated with an increase in
asthma severity. Current smokers compared to never and
exsmokers had more asthma symptoms, more frequent
asthma attacks and a higher asthma severity score. The
study of first degree relatives of asthmatic probands did not
show a clear pattern regarding the relationships of smoking
habits with asthma.

Asthmatic cases recruited in chest clinics were ascertain-
ed through standardized methods [10]. Asthmatic probands
to be included either positively answered four standar-
dized questions or fulfilled the criteria for a positive
consensus evaluation for those who positively answered
two or three questions. A previous analysis showed that
the consensus evaluation had good reproducibility [10].
The unclear pattern observed in the comparison of asth-
matics and nonasthmatic first degree relatives may relate
to the less restrictive definition of asthma based only on
two questions from the BMRC/ECSC questionnaire, and
they did have less severe asthma.

One limitations of the present study is the cross-sectional
nature of the data. In an attempt to understand the chron-
ological relationship between asthma onset and smoking
behaviour, some longitudinal information gathered retro-
spectively was analysed [12]. It was not possible to study

Table 4. ± Severity of asthma according to smoking in asthmatic cases

Never smokers Exsmokers Current smokers p-value

Subjects n 94 69 37
Sex % male 40.4 65.2 56.8 0.006
Age yrs 39.4�14.7 43.9�11.9 34.8�12.1 0.003
Age at onset yrs 22.0�15.0 26.7�17.5 18.6�14.8 0.03
Attacks of breathlessness at rest in the last 12 months % 60.6 60.3 89.2 0.004
Asthma attacks frequency $1.day-1 % 18.2 17.6 34.3 0.10
Normal breathing between attacks % 78.9 68.1 58.3 0.05
Woken by chest tightness in the last 12 months % 84.0 87.0 86.5 0.86
Woken by attack of shortness of breath in the last 12 months % 65.6 68.7 73.0 0.71
Woken by attack of coughing in the last 12 months % 51.0 59.7 64.9 0.29
FEV1 % pred 86.0�20.9 85.6�21.5 92.9�20.4 0.19
Methacholine challenge test
Subjects n 34 18 18
PD20 #4 mg % 82.3 88.9 94.4 0.45

Severity score 2.23�0.64 2.25�0.67 2.51�0.65 0.07
Age and sex-adjusted 2.22 2.23 2.57 0.02
Age, sex and educational level adjusted 2.21 2.23 2.66 0.01

Data are presented as mean�SD, absolute value or percentages. FEV1: forced expiratory volume in one second. PD20: provocative dose of
methacholine causing a 20% fall in FEV1.
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asthmatics with childhood onset without symptoms in ad-
ulthood as current asthma was one of the inclusion criteria.

In the present study, smoking was not a risk factor for
asthma. It was analysed considering cross-sectional data at
the time of the examination, but also considering adult-
hood asthma in relation to previous smoking. The epidem-
iological analysis of the associations of smoking with
asthma has been the focus of relatively few epidemiologi-
cal studies. The lack of association observed in the EGEA
is consistent with other reports, based on large representa-
tive population samples [4, 16±19]. Longitudinal data
from the Nurses Health Study showed that asthma inci-
dence was significantly lower in current smokers than in
never smokers [19]. This reverse association was interpr-
eted as self-selection of female continuous smokers who
could be a subgroup of females less susceptible to asthma.

The results of several studies conducted in Scandinavia
support the hypothesis that smoking may be a risk factor
for asthma [5, 20±22]. However, a 6-yr longitudinal study
did not confirm the association observed cross-sectionally

in a Finnish cohort [22]. Another longitudinal study sho-
wed that the incidence of asthma over a follow-up period
of 3.5 yrs was significantly greater in current smokers
com-pared to other subjects [7]. However, the association
was significant only in subjects aged <40 yrs at the
beginning of the study. The definitions of asthma used
varied between studies, which could partly explain diff-
erences in results. For now, there is limited evidence that
smoking is a risk factor for asthma, but this remains puz-
zling as tobacco consumption is an established risk factor
for intermediate phenotypes of asthma, such as elevated
immunoglobulin E levels [23] and bronchial hyperres-
ponsiveness [24] and maternal smoking relates to
childhood asthma [2].

The lack of association of current smoking with asthma
may relate to selection factors, either that asthmatics start
to smoke less often or that they are more prone to quit. In
the population studied, the presence of asthma did not deter
subjects from starting smoking, even when considering
only childhood onset asthmatics. These results are consis-
tent with other reports of studies conducted in adolescents
in the UK [25] and in the first US National Health and
Nutrition Examination Survey [16], which have shown
that adolescent asthmatics started smoking as often as
nonasthmatics.

In the EGEA, twice as many asthmatic cases as controls
were exsmokers. A detailed analysis of smoking duration
in eversmokers using a Cox model showed that the pattern
of quitting smoking different according to sex and the age
of onset. Asthmatic females quitted more often than asth-
matic males. Among males, those with childhood onset
asthma quitted smoking earlier than those with adult onset.
Among females, the pattern of quitting smoking in asth-
matics was similar in those with childhood and adult onset
asthma.

In a case/control study in Sweden on 79 cases and 304
controls, asthma was significantly related to exsmoking
with an OR of ~3 [5]. Cross-sectional data from the large
cohort study in Finland [22] showed some nonsignificant
association of asthma with exsmoking in males (OR
1.69), but none in females (OR 1.05). Quitting smoking
during a 6-yr follow-up period was only slightly more
common among subjects who reported asthma at the
beginning than in others (OR 1.23, ns). Longitudinal
observations from the Nurses Health Study [19] showed
that asthma incidence was higher in recent quitters than in
never smokers, but there was no difference in asthma
incidence between never smokers and those who had
quitted $5 yrs ago. The authors concluded that their
observations were compatible with the hypothesis that
smoking is a risk factor for asthma as asthma-like symp-
toms could induce quitting smoking, but, when quitting
occurs too late, asthma-like symptoms then became a
predictor of a doctor's diagnosis of asthma.

First degree relatives a priori represented an appropri-
ate population in which to assess whether active smoking
was a risk factor for asthma, as such subjects are a priori
more susceptible to environmental agents than the gener-
al population. Indeed, in a Norwegian study [8] conducted
in a large population of farmers, the OR of current
smoking with asthma was markedly higher in those with
a family history of asthma than in those without (8.5
(95% CI 3.7±20.2) versus 1.9 (95% CI 0.9±3.8)). No
association of smoking with asthma was observed in the

Table 5. ± Smoking habits among first degree relatives of
asthmatic probands according to their asthma status

Asthmatics Nonasthmatics

Fathers
Subjects n 45 153
Age yrs 43.9�7.4 46.1�7.7+

Never smokers % 32.6 25.5
Exsmokers % 43.5 38.6
Current smokers % 233.9 35.9
Mothers
Subjects n 45 154
Age yrs 43.4�7.7 44.7�7.2
Never smokers % 60.0 59.1
Exsmokers % 24.4 23.4
Current smokers % 15.6 17.5
Brothers
Subjects n 16 24
Age yrs 23.7�5.6 24.3�6.6
Never smokers % 75.0 75.0
Exsmokers % 0.0 4.2
Current smokers % 25.0 20.8
Sisters
Subjects n 14 38
Age yrs 26.1�6.7 25.8�5.7
Never smokers % 50.0 52.6
Exsmokers % 7.1 13.2
Current smokers % 42.9 34.2
Sons
Subjects n 11 40
Age yrs 25.2�3.0 26.2�5.4
Never smokers % 36.4 47.5
Exsmokers % 18.2 12.5
Current smokers % 45.4 40.0
Daughters
Subjects n 15 50
Age yrs 24.5�4.6 26.2�5.3
Never smokers % 46.7 48.0
Exsmokers % 6.7 20.0
Current smokers % 46.6 32.0

Data are presented as mean�SD, absolute values or percentages.
The inclusion criteria for asthmatic cases were based on four
standardized questions [10]. In relatives, asthma was defined by a

positive answer to one or two questions (Q): Q21 (attack of breath-

lessness with wheezing) and/or Q22 (asthma attack ever). +: p<0.10.
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population of relatives in the EGEA. The lack of relation
of asthma to exsmoking in relatives, although it was
observed in the case/control component of the EGEA and
although weaker in several general populations [4, 22],
supports the hypothesis that the pattern of smoking in
families with asthmatics is complex. In the general popu-
lation, it is well known that there is assortative marriage
for smoking habits and that smoking habits in offspring
are strongly influenced by parental smoking, but there is
limited information on smoking habits in families with
asthma.

In the asthmatic cases, clinical and functional manifes-
tations of asthma were significantly related to smoking.
Smokers reported attacks of breathlessness, a high fre-
quency of asthma attacks and abnormal breathing between
attacks significantly more often. A severity score estab-
lished for the study [14] was significantly higher among
smokers compared to never smokers. The cross-sectional
results on the association of current smoking with asthma
severity were supported by longitudinal retrospective
information. Analysis of the child/adult change showed
that the increase in asthma attack frequency was greater in
heavy smokers than in moderate smokers. Overall, the
results were consistent across the various analyses con-
ducted (individual items, composite score, cross sectional
data and retrospective longitudinal approach).

The results obtained in the case/control EGEA extend
previous epidemiological and clinical observations on the
relationship of smoking to asthma severity. Death caused
by asthma in 1000 outpatient asthmatics followed over 20
yrs was significantly related to cumulative tobacco con-
sumption [26], but smoking habits did not predict death in
a large sample of asthmatics [27]. Three clinical reports
concern the relation of near-fatal asthma to smoking. One
US study reported that exposure to smoking (active or
passive) was associated (OR ~7) with near-fatal asthma
[28], an association consistent with the OR of >4 ob-
served in Canada for the association of current smoking
to hospitalization in an emergency department [29] but
not supported by observations from another Canadian
report on near-fatal asthma [30]. The 6-yr survival in
those recovering from near-fatal asthma was related to
active smoking [31], with an age-adjusted OR of 3.6. A
borderline significant association was observed, in a large
clinical study from Singapore, with current smoking
when moderate/severe asthma (defined by frequency of
attacks, general practitioner consultations and/or hospi-
talizations) was compared to mild cases [32]. Smoking
was also shown to increase hospitalizations for asthma
[33]. In a longitudinal study, conducted in the general
population of Copenhagen, in which the 15-yr FEV1

slope was at least twice as steep in asthmatics as in non-
asthmatics in both males and females, smoking further
significantly accelerated the relative decline in lung
function in both asthmatic and nonasthmatic adults [21].
Results in adults from the EGEA are consistent with
findings in children, for whom there is good evidence that
parental smoking influences asthma severity in children
[2]. Significant associations of parental smoking with
asthma severity in children have been observed consid-
ering various severity dimensions, such as the frequency
of wheezing episodes, the persistence of symptoms betw-
een attacks, life-threatening events or composite severity
scores [2].

Associations of environmental risk factors, such as
smoking or air pollution [2], with asthmatic symptoms,
lung function, composite severity scores or even fatal or
near-fatal attacks could reflect an acute effect of these
factors, inducing exacerbations of the disease rather than
an increase in the underlying severity. Few studies have
differentiated between acute and chronic effects [26].
Whatever the effects on exacerbations or underlying sev-
erity, such associations are of clinical importance.

The similar values in never and exsmokers observed in
the EGEA for severity indices support the hypothesis that
the effect of smoking on asthma severity may be reversible,
which is coherent with longitudinal observations in chil-
dren with asthma whose parents smoking decreased [34].

Results from the Epidemiological Study on the Genetics
and Environment of Asthma, bronchial hyperresponsive-
ness and atopy show that a personal and familial history of
asthma modify smoking habits, but that the pattern is rather
complex due to regulation factors. Longitudinal data are
needed in order to better understand the temporal rela-
tionship of smoking initiation and quitting to asthma symp-
tomatology. Greater attention should be paid to smoking in
asthmatics as a high proportion of asthmatics followed in
chest clinics are still current smokers, as previously noted
[31, 35]. If smoking is not a risk factor for asthma, it plays
a role in the severity and lack of control of asthma. More
attention should be paid to antismoking campaigns in
asthmatics, particularly among asthmatic adolescents, to
deter them from starting smoking.
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