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Objectives   The aim of this study was to measure the effects of past exposure to environmental tobacco smoke
on the day-to-day dynamics of four respiratory-symptom classes in a diary study including adult never-smokers.
Methods   As part of SAPALDIA (Swiss study on air pollution and lung diseases in adults), a prospective
multicenter cohort study, 1421 life-time adult nonsmokers were followed for 2 years with the use of daily
questionnaires filled out during one to six periods of 4 weeks spread over 2 years (1992–1993). The hazard ratios
(HR) of getting or losing respiratory symptoms from one day to another were determined in association with past
exposure to environmental tobacco smoke.
Results   In a sample of adult never-smokers, an association between self-reported past exposure to environmen-
tal tobacco smoke and deteriorated average symptom dynamics was found for all of the outcomes considered,
showing HR values from 1.09 to 1.21 for developing symptoms and HR values from 0.91 to 0.83 for getting rid
of them. Exposure to environmental tobacco smoke, including the workplace, was negatively associated with the
length of intervals without symptoms of bronchitis (HR 1.33) and asthma (HR 1.27), while exposure to
environmental tobacco smoke confined to places outside work was positively associated with the length of
episodes of any respiratory symptom and lower-respiratory-tract symptoms (HR 0.78–0.77).
Conclusions   The results suggest that exposure to environmental tobacco smoke has adverse effects on the
dynamics of respiratory symptoms, and the size (magnitude) and type of effects appear to depend on the place of
exposure.
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Exposure to environmental tobacco smoke is now con-
sidered an important threat to the health of people who
have never smoked, and it is a major contributor to in-
door air pollution (1). While numerous studies and reports
have shown adverse effects from exposure to environmen-
tal tobacco smoke, mainly on respiratory and cardiovas-
cular health, most have been of cross-sectional design (2).
Most of the few longitudinal studies have been performed

with children, and the results of longitudinal studies on
adults have been controversial (3–7). At a time when the
tobacco industry contests the health effects of environ-
mental tobacco smoke (8), longitudinal studies of adequate
size are required to evaluate the influence of such expo-
sure on the evolution of health status.

The association between chronic respiratory symp-
toms among adults and passive tobacco smoking has
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only been systematically investigated in the last 10
years. The report of the United States Environmental
Protection Agency (EPA) entitled “Respiratory Health
Effects of Passive Smoking: Lung Cancer and Other
Disorders” published in 1992 (9) came to the conclu-
sion that environmental tobacco smoke has subtle but
significant effects on the respiratory health of nonsmok-
ers, including increased coughing, phlegm production,
chest discomfort, and even impairment of lung function.
Since then, many recent epidemiologic studies have
linked passive smoking with an increased risk of vari-
ous respiratory symptoms such as dyspnea (6, 10, 11),
wheezing (3, 5, 6, 11), cough (5, 6, 10, 11), and phlegm
(5, 6, 10, 11). A recent publication (12) investigating
bartenders’ respiratory health after the establishment of
smoke-free bars in California interestingly showed a
rapid improvement of all respiratory symptoms after the
decrease in exposure to environmental tobacco smoke.

In the cross-sectional part of SAPALDIA (Swiss
study on air pollution and lung diseases in adults)
(1991), two different aspects of environmental exposure,
namely, long-term air pollution (13) and environmental
tobacco smoke (11), were associated with an elevated
risk of developing respiratory symptoms. There was a
dose-response relation between environmental tobacco
smoke and several respiratory symptoms assessed by
questionnaire. The additional objective of our present
study was to determine the effects of environmental to-
bacco smoke on the dynamics of respiratory symptoms
(ie, on the duration of symptom-free intervals and symp-
tom episodes) using data from the SAPALDIA diary
study (1992–1993).

Study population and methods

Recruitment of the study population

SAPALDIA is a multicenter study designed to investi-
gate the relation between exposure to air pollution and
respiratory symptoms and diseases. The study was con-
ducted in eight areas (Aarau, Basel, Davos, Geneva, Luga-
no, Montana, Payerne, and Wald) representing a wide
range of environmental characteristics in Switzerland.

The cross-sectional part was conducted in 1991 to
assess the prevalence of respiratory and allergic diseas-
es, and it involved 9651 adults, aged 18–60 years. A
detailed description of the cross-sectional study has been
given elsewhere (14), and many results have already
been published (11, 13, 15–18).

The SAPALDIA diary study took place from 1992
to 1993. It collected additional data on symptom dynam-
ics and provided the basis for our present analysis. For
this study, all people having reported lower respiratory
symptoms or current asthma or having shown bronchial

obstruction or bronchial hyperreactivity in the preced-
ing cross-sectional examination were invited to partici-
pate, with the purpose of enhancing the statistical pow-
er of the study to assess the effects of risk factors on
respiratory symptoms among relevant subgroups. In ad-
dition, from each study area, 150 randomly selected
nonsmokers not belonging to any of the aforementioned
categories were invited to serve as local control groups.
These selection criteria are described in detail in the fol-
lowing section.

Study population

In our study, the analyses were restricted to life-time
nonsmokers, representing 1421 persons or 43.3%
(N=3279) of the sample of the longitudinal study. Nev-
er-smokers were defined as life-time nonsmokers who,
by the time of the cross-sectional examination, had
smoked less than 20 packs of cigarettes or less than 360
grams of tobacco in their entire life and who did not
smoke during the diary study. On the basis of the fol-
low-up inclusion criteria, this sample was divided into
the following five subgroups: the bronchitis cohort, the
asthma cohort, the silent obstruction cohort, the asymp-
tomatic hyperreactivity cohort, and the healthy cohort.

The cohort of bronchitic never-smokers (N=349)
comprised all participants having reported at least one
of the following characteristics in the cross-sectional
survey: regular nocturnal or diurnal cough or regular
nocturnal or diurnal phlegm or both.

After the people with the bronchitis symptoms were
excluded, the cohort of asthmatic never-smokers
(N=358) comprised all of the participants who had re-
ported at least one of the following characteristics in the
cross-sectional survey: wheezing or whistling in the
chest during the last 12 months, nocturnal tightness at
any time in the last 12 months, nocturnal or diurnal at-
tacks of dyspnea during the day in the last 12 months,
an asthma attack in the last 12 months, and current use
of asthma medication.

The participants (N=18) without any of the afore-
mentioned symptoms, but with airway obstruction [ie,
with a forced expiratory volume in 1 second (FEV1) of
<70% of the predicted value or an FEV1/FVC ratio of
<80% of the predicted value] formed the silent obstruc-
tion group. Because of the small size of the cohort with
silent obstruction, no separate analyses were done for
this subgroup.

The participants (N=181) without any of the afore-
mentioned characteristics, but having shown a decline
in their FEV1 of at least 20% from baseline during a
methacholine broncho-challenge with a maximal cumu-
lative dose of 2 milligrams (obstructive participants hav-
ing been excluded from this test) comprised the asymp-
tomatic hyperreactivity group.
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The healthy cohort (N=515) was formed of never-
smokers not belonging to any of the aforementioned cohorts.

The proportions of these cohorts differed between
the cross-sectional and the diary study. The cohorts of
bronchitic and asthmatic people, respectively, as well
as the cohort of asymptomatic hyperreactives were over-
sampled in the diary study population. Within this popu-
lation, the proportion of symptomatic (ie, bronchitic or asth-
matic) people was smaller among the never-smokers than
among the current or former smokers, whereas the oppo-
site was true for the proportions of healthy and asympto-
matic hyperreactive participants. Detailed characteristics
of the study population are provided in tables 1 and 2.

Study schedule and data collection

In order to keep the number of participants as stable as
possible, the persons enrolled in the diary study were
divided into 16 groups of equal size in each area, using

stratified randomization. The groups were enrolled at in-
tervals of 1 week, and each participant was invited to
keep a diary for six periods of 4 weeks separated by in-
tervals of 3 months. Altogether 3279 persons, corre-
sponding to a participation rate of 61%, completed their
diary for up to six periods of 4 weeks within 2 years.
During the diary periods the participants recorded symp-
toms on a daily basis. Symptoms of phlegm, sore throat,
hoarseness, running or stuffy nose, itchy or irritated
eyes, reduced activity, and fever had to be reported in
the evening for the past 24-hour period. But wheezing,
dyspnea, chest tightness, and cough were reported in the
morning (for the preceding night) and in the evening (for
the daytime period).

Assessment of exposure to environmental tobacco smoke

Exposure to environmental tobacco smoke was as-
sessed in the cross-sectional interview conducted in

Table 1. Characteristics of the different cohorts of never-smokers a during the diary study. (BMI = body mass index, FEV1 = forced expiratory
volume in 1 second, FVC = forced vital capacity, PD20 = provocating dose of methacholine producing a 20% decrease in the FEV1)

Cohort Characteristics

Male Age BMI Documented FEV1 (% FEV1/FVC (% PD20 <2mg
(%) (years) (kg/m2) diary days  of predicted) of predicted)

Mean SD Mean SD Mean Inter- Mean SD Mean SD Men Wo-
du- quartile (%) men

ration range (%)

Healthy (N=515) 46.6 39.9 11.6 23.3 3.5 156 98–168 11.3 10.9 0 102 11.8 101.0 7.0 0 0
Asymptomatic 28.7 39.4 12.6 23.8 4.0 160 84–168 12.7 7.7 0 96.4 11.6 98.0 8.2 100 100
hyperreactivity (N=181)
Bronchitis symptoms (N=349) 42.7 43.2 11.7 23.9 3.7 146 84–168 14.7 14.9 6.5 98.5 15.0 99.2 9.7 13.8 b 27.9 b

Asthma symptoms (N=358) 31.8 44.2 11.8 24.3 4.1 143 63–168 18.2 14.2 3.3 98.7 15.3 98.6 9.6 26.8 b 31.0 b

Total (N=1421) c 39.6 41.8 12.0 23.8 3.8 152 84–168 14.2 12.5 2.4 97.4 14.0 97.9 11.0 19.0 b 32.4 b

a Never-smokers defined as life-time nonsmokers who, by the time of the cross-sectional examination, had smoked <20 packs of cigarettes or <360 grams
of tobacco in their entire life and who did not smoke during the diary study.

b Participants with obstruction (ie, with an FEV1 value of <70% of the predicted or an FEV1/FVC ratio of <80% of the predicted or both) having been
excluded from the methacholine broncho-challenge).

c Including 18 participants with silent obstruction.

Low Foreign Daily
edu- nation- use of

cation ality respir-
(%) (%) atory

drugs
(%)

Table 2. Symptom-free intervals and symptom episodes reported during the diary study.

Cohort Characteristics

Average symptom-free intervals (days) Average symptom episodes (days)

Bronchitis symptoms Asthma symptoms Bronchitis symptoms Asthma symptoms
(N=1394) (N=1413) (N=976) (N=631)

Mean Interquartile Mean Interquartile Mean Interquartile Mean Interquartile
duration range duration range duration range duration range

Healthy (N=515) 82.3 37.0–153.0 139.0 70.0–160.0 4.0 2.0–6.6 1.7 1.0–4.0
Asymptomatic hyperreactivity (N=181) 64.0 28.0–143.0 106.5 35.4–160.0 3.8 2.0–7.7 2.0 1.0–3.3
Bronchitis symptoms (N=349) 26.0 9.6–67.3 71.0 27.0–154.0 4.3 2.4–10.0 2.0 1.1–3.8
Asthma symptoms (N=358) 44.0 21.0–118.0 49.0 19.8–134.0 3.0 2.0–6.7 2.0 1.2–3.7

Total  (N=1421) a 51.3 23.5–133.0 99.0 32.0–157.0 4.0 2.0–7.2 2.0 1.0–3.7

a Including 18 participants with silent obstruction.
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1991. People who answered affirmatively to exposure
to environmental tobacco smoke during the past 12
months were asked whether they were currently exposed
to such smoke at their workplace; environmental tobac-
co smoke exposure anywhere was then divided into the
following two categories: exposure confined to places
outside work and exposure at the workplace and possi-
bly elsewhere.

The exposed persons were asked three additional
questions in an attempt to quantify the exposure: “How
many hours per day are you exposed to the tobacco
smoke of other people?”, “To how many smokers have
you been regularly exposed to closely?”, and “During
how many years have you been exposed?”

Health outcomes

One of the main interests of the diary study was the as-
sessment of the dynamic patterns of various respiratory
symptoms and conditions. We have defined and ana-
lyzed the following four symptom classes separately: (i)
any respiratory symptom (presence of any of the respi-
ratory symptoms asked about in the diary), (ii) lower
respiratory symptoms (wheezing, dyspnea, chest tight-
ness, cough, or phlegm), (iii) bronchitis symptoms
(cough or phlegm), and (iv) asthma-like symptoms
(wheezing, dyspnea, or chest tightness).

Statistical analysis

Since the participants of our diary study did not report
over a continuous time interval but instead during sep-
arate periods of 4 weeks, personal estimates of the av-
erage duration of symptom-free intervals and symptom
episodes were obtained using transition probabilities. If
a participant never (or always) reported symptoms of a
specific type, then the number of documented pairs of
neighboring days was used as a censored estimate of the
average duration of his or her symptom-free intervals

(or symptom episodes). Otherwise, the inverse values
of the conditional probability of changing symptom state
were used as uncensored estimates of the average dura-
tions of symptom-free intervals and symptom episodes
(17). To study the effects of exposure to environmental
tobacco smoke on these durations, Cox proportional
hazard regression was used. In addition to the variable(s)
of exposure to environmental tobacco smoke, our mod-
els included dummy variables for female gender, paren-
tal history of asthma, parental history of allergies, low
education, foreign citizenship, occupational exposure to
airborne irritants, and the quantitative variables age
(with a linear and a quadratic term), body mass index,
and percentage of diary days occurring in the winter
season. Moreover, the estimation of the baseline haz-
ard function was stratified by study area. In addition,
the analyses were stratified by cohort, to take account
of existing differences in the baseline hazard functions
and to detect the potential heterogeneity of the effects
of environmental tobacco smoke across the cohorts. In
the examination of the potential dose-response relation,
the different exposure parameters (ie, number of smok-
ers to which the participant was exposed, daily number
of hours of exposure, past exposure in years) were cat-
egorized into three levels (“unexposed participants” and
two groups of exposed participants of about equal size).
Most of the statistical analyses were done using the SAS,
version 6.09 software (SAS Institute, Cary, NC, USA).

Results

Exposure to environmental tobacco smoke among
never-smokers

The frequencies of the different categories of self-re-
ported past exposure to environmental tobacco smoke
are given in table 3. Altogether 27% of our study popu-
lation had reported exposure to environmental tobacco

Table 3. Exposure to environmental tobacco smoke during the 12 months preceding the cross-sectional examination among the never-
smokers taking part in the diary study.

Cohort

Healthy Asymptomatic Bronchitis Asthma Total b
hyperreactivity

N % N % N % N % N % Mean SD Mean SD Mean SD

Nowhere 392 76.1 134 74.0 237 67.9 261 72.9 1037 73.0
Anywhere 123 23.9 47 26.0 112 32.1 97 27.1 384 27.0 3.8 3.1 5.1 8.4 23.1 14.5
Not at workplace 56 10.9 24 13.3 35 10.0 40 11.2 158 11.1 2.5 c 2.0 2.6 c 3.4 24.3 14.9
At workplace and possibly 67 13.0 22 12.2 75 21.5 55 15.4 221 15.6 4.5 c 3.4 7.1 c 10.4 22.0 14.1
elsewhere

a Five participants with exposure to environmental tobacco smoke had no information on whether they were exposed at work.
b Including 18 participants with silent obstruction.
c P<0.001.

Exposure to Hours of Smokers Years of
environmental exposure exposed to exposure
tomacco smoke a per day environmental

tobacco smoke
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smoke in the cross-sectional interview in 1991, and
more than half of these people were exposed at their
workplace, with or without additional exposure else-
where. The participants with bronchitic or asthmatic
symptoms reported exposure to environmental tobacco
smoke more often at the workplace than the participants
in the healthy and hyperreactive cohorts (21.5% and
15.3%, respectively, versus 13.0% and 12.2%, respec-
tively). On the average, the participants who had report-
ed current exposure at work also reported more hours
of exposure (P<0.001) and higher numbers of persons
to which they were exposed (P<0.001) than those who
were only exposed outside the workplace. The number
of years of exposure was similar for both of the expo-
sure categories.

Exposure to environmental tobacco smoke and the
hazard ratios for becoming symptomatic or symptom-
free

Table 4 shows the adjusted hazard ratios of developing
symptoms among never-smokers in general according
to exposure to environmental tobacco smoke. For all of
the symptom classes examined, a tendency towards a
shortening of symptom-free intervals [ie, an increased
risk of (re)developing symptoms after having been
symptom-free] was found among the participants ex-
posed to environmental tobacco smoke. For instance,
with a hazard ratio of 1.21, the risk of (re)developing
bronchitis symptoms was 21% higher among the par-
ticipants exposed to environmental tobacco smoke than
among the unexposed participants. For all four symp-
tom classes, the risk of (re)developing symptoms was
increased when exposure to environmental tobacco
smoke occurred at work and possibly elsewhere, whereas

the corresponding risks were not elevated when expo-
sure occurred outside work only.

Table 4 also shows that, conversely, the participants
only exposed to environmental tobacco smoke outside
work had a lower chance of recovering from any respi-
ratory symptom or lower-respiratory-tract symptoms
than the unexposed participants, the implication being
that episodes of such symptoms tended to last longer in
this exposure category. For instance, with a hazard ra-
tio of 0.77, the chance of getting rid of lower respirato-
ry symptoms was 23% lower within this exposure cate-
gory than for unexposed persons.

The hazard ratios for changing symptom status in as-
sociation with different exposure categories for environ-
mental tobacco smoke varied across the four cohorts (ta-
ble 5). For the cohorts of healthy persons or persons with
asthma or bronchitis symptoms, our findings were con-
sistent with adverse effects of environmental tobacco
smoke on any respiratory symptom and symptoms of the
lower respiratory tract, respectively, and on bronchitis
symptoms, both by shortening intervals without such
symptoms (reflected by hazard ratios of >1 for getting
symptoms) and by increasing the length of episodes of
such symptoms (reflected by hazard ratios of <1 for be-
coming symptom-free). Within the asthma cohort, the
episodes of asthma symptoms tended to last longer
among the participants exposed to environmental tobac-
co smoke, but the length of the intervals without such
symptoms did not seem to be affected. The participants
in the asymptomatic hyperreactivity cohort tended to
have longer symptom-free intervals and shorter symp-
tom episodes (ie, fewer symptoms) when exposed to en-
vironmental tobacco smoke. In this cohort, the average
duration of episodes of any respiratory symptom, symp-
toms of the lower respiratory tract, and bronchitis

Table 4. Estimated hazard ratio a for never-smokers getting or losing respiratory symptoms in different categories of exposure to
environmental tobacco smoke. (95% CI = 95% confidence interval)

Type of symptoms Exposure to environmental tobacco smoke

Becoming symptomatic b Becoming symptom-free b

Anywhere Not at work At work and Anywhere Not at work At work and
possibly elsewhere possibly elsewhere

Hazard 95% CI Hazard 95% CI Hazard 95% CI Hazard 95% CI Hazard 95% CI Hazard 95% CI
ratio ratio ratio ratio ratio ratio

Any respiratory symptom c 1.14 0.99–1.30 1.08 0.89–1.31 1.17 0.99–1.39 0.91 0.79–1.04 0.78 0.64–0.95 1.00 0.84–1.18
Symptoms of the lower 1.14 0.99–1.32 0.98 0.80–1.21 1.28 1.07–1.52 0.83 0.72–0.96 0.77 0.63–0.96 0.87 0.73–1.04
respiratory tract c

Bronchitis symptoms c 1.21 1.04–1.40 1.05 0.85–1.30 1.33 1.11–1.59 0.84 0.72–0.98 0.81 0.65–1.01 0.86 0.71–1.03
Asthma symptoms c 1.09 0.90–1.30 0.86 0.66–1.14 1.27 1.02–1.58 0.85 0.70–1.03 0.76 0.56–1.01 0.91 0.73–1.14

a Never-smokers without exposure to environmental tobacco smoke as the reference category.
b If the hazard ratio for becoming symptomatic is >1, then the symptom-free intervals are shorter; if the hazard ratio for becoming symptom-free is <1,

then symptom episodes are longer.
c Number of observations used in the analysis: any respiratory symptoms (N=1367 for symptom-free-intervals and N=1174 for symptom episodes);

lower-respiratory-tract symptoms (N=1367 and 1040, respectively); bronchitis symptoms (N=1371 and 960, respectively); asthma symptoms (N=1391
and 619, respectively).
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symptoms significantly decreased with exposure to
environmental tobacco smoke in general and also ex-
posure to environmental tobacco smoke including the
workplace.

For none of the three variables by which we tried to
quantify exposure to environmental tobacco smoke (ie,
“daily duration of exposure”, “number of smokers to
whom the participant was exposed” and “number of years
of exposure”), a consistent dose–dependent effect on the
duration of intervals without and of episodes with respi-
ratory symptoms could be established (results not shown).

Discussion

In our prospective analysis of daily symptom data from
a large sample of never-smokers living in Switzerland,
past self-reported exposure to environmental tobacco

smoke was associated with adverse effects on both
symptom-free intervals and the length of episodes of
respiratory symptoms. The negative association with the
duration of symptom-free intervals was strengthened
and reached statistical significance for lower respirato-
ry symptoms, bronchitis symptoms and asthma-like
symptoms when the exposure was specified to include
the workplace. The work-related association may part-
ly reflect a dose-response relation as the higher hazard
ratios for exposure at the workplace may be explained
by a higher exposure in terms of hours and persons (re-
sults not shown). On the other hand, exposure to envi-
ronmental tobacco smoke confined to places outside
work showed a significant positive association with the
average duration of episodes of any respiratory symp-
toms and symptoms of the lower respiratory tract. These
results suggest that environmental tobacco smoke at the
workplace may have an influence on mechanisms that af-
fect the development of respiratory symptoms, whereas

Table 5. Estimated hazard ratio a (HR) for the different cohorts of never-smokers becoming symptomatic or symptom-free with respect
to respiratory symptoms in the different categories of exposure to environmental tobacco smoke. (95% CI = 95% confidence interval)

Cohort Exposure to environmental tobacco smoke

Becoming symptomatic b Becoming symptom-free b

Anywhere Not at work At work and Anywhere Not at work At work and
possibly elsewhere possibly elsewhere

Hazard 95% CI Hazard 95% CI Hazard 95% CI Hazard 95% CI Hazard 95% CI Hazard 95% CI
ratio ratio ratio ratio ratio ratio

Healthy (N=515)

Any respiratory symptom c 1.18 0.91–1.54 1.16 0.81–1.66 1.20 0.86–1.67 0.95 0.72–1.24 0.84 0.58–1.23 1.04 0.74–1.46
Symptoms of the lower 1.12 0.84–1.50 1.08 0.73–1.58 1.17 0.80–1.71 0.87 0.64–1.17 0.87 0.58–1.31 0.86 0.59–1.26
respiratory tract c

Bronchitis symptoms c 1.29 0.95–1.73 1.27 0.85–1.87 1.30 0.89–1.92 0.96 0.71–1.29 0.91 0.60–1.38 1.00 0.68–1.47
Asthma symptoms c 0.91 0.59–1.40 0.59 0.30–1.15 1.25 0.74–2.10 0.67 0.39–1.13 0.79 0.33–1.90 0.63 0.35–1.13

Hyperreactivity (N=181)

Any respiratory symptom c 1.07 0.71–1.60 1.19 0.68–2.07 0.99 0.58–1.72 1.80 1.15–2.82 1.22 0.67–2.19 2.94 1.63–5.32
Symptoms of the lower 0.87 0.56–1.34 0.74 0.39–1.39 0.97 0.56–1.69 1.99 1.22–3.25 1.69 0.85–3.34 2.37 1.26–4.45
respiratory tract c

Bronchitis symptoms c 0.93 0.58–1.46 0.79 0.41–1.53 1.00 0.55–1.80 2.02 1.20–3.39 1.51 0.76–2.99 2.81 1.43–5.53
Asthma symptoms c 0.79 0.46–1.36 0.80 0.39–1.64 0.75 0.36–1.58 0.85 0.42–1.69 0.73 0.30–1.79 2.01 0.77–5.22

Bronchitis (N=349) d

Any respiratory symptom c 1.17 0.90–1.52 1.31 0.87–1.98 1.12 0.82–1.52 0.89 0.68–1.17 0.70 0.46–1.06 1.00 0.73–1.37
Symptoms of the lower 1.26 0.96–1.65 1.44 0.94–2.22 1.19 0.87–1.63 0.79 0.59–1.05 0.65 0.42–1.01 0.86 0.62–1.19
respiratory tract c

Bronchitis symptoms c 1.33 1.01–1.75 1.50 0.97–2.32 1.26 0.92–1.73 0.78 0.59–1.05 0.61 0.40–0.96 0.88 0.63–1.22
Asthma symptoms§ 1.11 0.80–1.55 1.00 0.58–1.71 1.16 0.79–1.70 1.04 0.72–1.50 1.08 0.60–1.94 1.01 0.67–1.54

Asthma (N=359) d

Any respiratory symptom c 1.06 0.81–1.39 0.99 0.67–1.47 1.11 0.79–1.56 0.78 0.60–1.03 0.79 0.52–1.21 0.75 0.53–1.05
Symptoms of the lower 1.09 0.82–1.44 0.84 0.55–1.29 1.34 0.95–1.89 0.77 0.58–1.03 0.74 0.47–1.18 0.79 0.56–1.12
respiratory tract c

Bronchitis symptoms c 1.09 0.81–1.48 0.84 0.53–1.32 1.34 0.93–1.94 0.77 0.56–1.05 0.96 0.59–1.57 0.69 0.48–1.01
Asthma symptoms c 0.93 0.67–1.30 0.80 0.49–1.32 1.09 0.73–1.62 0.77 0.54–1.10 0.61 0.34–1.08 0.88 0.57–1.35

a Respective cohorts of never-smokers without exposure to environmental tobacco smoke being the reference category.
b If the hazard ratio for becoming symptomatic is >1, then the symptom-free intervals are shorter; if the hazrd ratio for becoming symptom-free is <1, then

the symptom episodes are longer.
c Number of observations used in the analysis: any respiratory symptom [N=504 for symptom-free-intervals and N=389 for symptom episodes (healthy

cohort), N=175 and 151 (hyperreactivity cohort), N=331 and 307 (bronchitis cohort), N=339 and 312 (asthma cohort)]; symptoms of the lower respira-
tory tract (N=503 and 314 / 175 and 131 / 333 and 293 / 338 and 288); bronchitis symptoms (N=505 and 289 / 175 and 118 / 334 and 284 / 339 and 255);
asthma symptoms (N=508 and 132 / 180 and 87 / 342 and 183 / 343 and 210).

d Silent obstructives (N=18) having been excluded.
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exposure to environmental tobacco smoke outside the
workplace affects recovery from these symptoms. But
the strong association between the duration of symptom-
free intervals and exposure to environmental tobacco
smoke at work may also indicate that most of the par-
ticipants that developed respiratory symptoms because
of passive smoking were exposed at work. No simple
explanation can be found for this phenomenon, but we
can imagine that many people exposed to environmen-
tal tobacco smoke at the workplace are not troubled by
the exposure, while staying at home after getting sick.
On the other hand, the illness of people exposed to en-
vironmental tobacco smoke only outside work (ie, main-
ly at home) may be protracted because they are exposed
during their convalescent period at home.

The stratified analyses showed different effects of
environmental tobacco smoke in the different cohorts.
Some evidence of a negative influence of such expo-
sure was even found in the originally healthy cohort,
since episodes with bronchitis or asthma symptoms
tended to last longer and intervals without bronchitis or
lower- or upper-respiratory-tract symptoms tended to be
shorter among the exposed participants classified as
healthy in the baseline assessment. This negative influ-
ence was also shown by Jaakkola et al (7) in an 8-year
longitudinal study on young adults that also showed that
the symptoms tended to last longer. Exposure to envi-
ronmental tobacco smoke was also associated with a
shortening of symptom-free intervals and a prolonga-
tion of symptom episodes among the participants who
reported symptoms related to asthma and bronchitis in
the baseline assessment. On the other hand, the hyper-
reactive participants without respiratory symptoms at
baseline surprisingly showed a paradoxical tendency to
have fewer symptoms when exposed. This finding may
be due to a selection effect. We therefore also consid-
ered the entire subgroup of nonobstructive hyperreac-
tives (ie, including the hyperreactive participants from
the symptomatic cohort). Indeed, the negative relation
between exposure to environmental tobacco smoke and
symptoms disappeared in this larger subgroup (results
are not shown). One might thus hypothesize that non-
symptomatic hyperreactive persons exposed to environ-
mental tobacco smoke are a selected subgroup with an
increased tolerance level.

Our study provides additional evidence linking ex-
posure to environmental tobacco smoke with a worsen-
ing asthma status. In the healthy and asthmatic cohorts,
episodes of asthma symptoms were prolonged among
the exposed participants. This finding is consistent with
a recent update of Coultas (19), who reviewed several
studies indicating that exposure to environmental tobac-
co smoke had a negative influence on the morbidity of
adults’ asthma. Results from the cross-sectional part of
SAPALDIA (11) showed that exposure to environmental

tobacco smoke is associated with a higher risk of phy-
sician-diagnosed asthma (odds ratio 1.39, 95% CI 1.04-
1.86). In a large Adventists’ cohort, Greer et al (20) ob-
served that, during 10 years of follow-up, exposure to
environmental tobacco smoke at the workplace was sig-
nificantly associated with an elevated risk (relative
risk 1.5, 95% CI 1.2-1.8) of developing asthma. In a
population of 200 adult asthmatic patients, Jindal et al
(5) observed that different indices of asthma morbidity
reflecting acute episodes were significantly worsened
when the patients were exposed to environmental tobac-
co smoke. In a 3-month diary study, Ostro et al (21) also
found that a population of 164 asthmatic adults showed
an increased frequency of different symptoms of asth-
ma and higher morbidity indices (eg, restricted activity
days and awakening by asthma) when exposed to envi-
ronmental tobacco smoke.

This study adds to previous research by demonstrat-
ing that exposure to environmental tobacco smoke has
a significant effect on both intervals without and epi-
sodes with bronchitis symptoms among never-smokers.
According to our results, this effect was the most pro-
nounced in the bronchitis cohort (particularly for the
participants exposed to environmental tobacco smoke
outside the workplace only). In his review of the effects
of exposure to environmental tobacco smoke on chron-
ic obstructive pulmonary disease (COPD), Coultas (19)
mentioned that little is known about the effects of envi-
ronmental tobacco smoke on respiratory symptoms
among patients with COPD. Our results would be con-
sistent with such an adverse effect, even if a direct com-
parison is difficult, as our bronchitis cohort was made
up of nonsmoking people under 60 years of age with
regular cough or phlegm, probably including only a few
participants with clinically manifest COPD. This addi-
tional adverse effect of environmental tobacco smoke
on participants with a history of symptoms may be high-
ly relevant to the pathophysiological development of
lung disease, as frequent lower-respiratory-tract illness-
es among COPD patients have been associated with an
increased rate of decline of FVC (forced vital capacity)
and FEV1 (22). Moreover, the participants defined as
nonsymptomatic and nonhyperreactive at the cross-sec-
tional examination showed a tendency to report symp-
toms of cough and phlegm more frequently when ex-
posed to environmental tobacco smoke, a finding in
agreement with the higher prevalence of chronic symp-
toms among the participants exposed to environmental
tobacco smoke in the cross-sectional study (11). This
finding also tends to support the results of Kalandidi et
al (23) and Robbins et al (3), which suggest an increased
risk of developing COPD in relation to life-long expo-
sure to environmental tobacco smoke.

Questionnaires are suitable instruments for evaluat-
ing exposure to environmental tobacco smoke in studies
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of health outcomes with a long-lasting latency peri-
od or long-lasting effects (24). The fact that exposure
to environmental tobacco smoke was assessed prior to
and not during the diary study is likely to have reduced
recall bias from the participants who experienced symp-
toms and tried to find a cause for their pathologies (25).
Furthermore, SAPALDIA was announced as a study of
air pollution and lung diseases, and the questions on
exposure to environmental tobacco smoke constituted
only a small part of the questionnaire, thus reducing the
likelihood of reporting bias. Although we used diary
data to derive the individual characteristics of the symp-
tom dynamics, we actually performed a cohort analysis
in which health parameters assessed during follow-up
were related to exposure at baseline. By its very nature,
such an analysis cannot capture short-term effects of
exposure, but it can help to predict how participants ex-
posed at baseline will differ from unexposed participants
at a later point in time. To address the important ques-
tion of the reversibility of these effects, a follow-up
study assessing exposure to environmental tobacco
smoke at different times would be necessary.

In conclusion, this study supports evidence of ad-
verse effects of exposure to environmental tobacco
smoke on respiratory symptoms among adult never-
smokers. The method of transition probabilities was
used to estimate each participant’s average duration of
symptom-free intervals and symptom episodes in order
to assess medium- to long-term effects of environmen-
tal tobacco smoke on the duration of symptom episodes
and symptom-free intervals. This procedure allowed us
to show place-dependent associations between exposure
to environmental tobacco smoke and the duration of res-
piratory symptom episodes and intervals without such
symptoms.
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