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Mainstream smoke (MS) is the tobacco smoke that is 
drawn through the butt end into the smoker's respira- 
tory system. Sidestream smoke (SS) comes directly 
from the burning end of the cigarette. <<Passive smo- 
king,,, <~involuntary smoking,, and exposure to <~envi- 
ronmental tobacco smoke,, (ETS) are used synony- 
mously in the literature to describe the exposure of 
non-smokers to elements of tobacco smoke generated 
by smokers [1, 2]. Despite qualitative differences bet- 
ween mainstream smoke and sidestream smoke, it has 
been customary to assume that exposures to ETS 
approximate a low-dose exposure to tobacco smoke. 
Since cigarette smoking is the major cause of Chronic 
Obstructive Pulmonary Disease (COPD) morbidity 
and mortality in most countries of the world, and child- 
ren of smoking parents have: (i) increased prevalence 
of reported respiratory symptoms; (ii) increased fre- 
quency of bronchitis and pneumonia early in life and 
(iii) measurable though small differences in tests of 
pulmonary function, when compared with children of 
non-smoking parents [3], an effect of passive smoking 
in adults should not be excluded. Having undertaken 
in the late 70's a study to explore the association bet- 
ween involuntary smoking and lung cancer [4], it was 
decided in 1982 to undertake a similar study to investi- 
gate the association between involuntary smoking and 
COPD in adults in Greece. The study was restricted to 
non-smoking ever-married women residents of the 
Greater Athens area. Among relatively older Greeks 
the prevalence of smoking is very high in men but 
relatively rare in women, making a passive smoking 
study in women, rather than in men, considerably 
more efficient. As in most of the studies concerning 
involuntary smoking and lung cancer, the present 
study evaluated exposure to passive smoking on the 
basis of the smoking habits of the husband. The under- 
lying assumptions in this aproach are (i) that a smoking 
husband is the main source of passive smoking for a 
relatively older woman; (ii) that information concer- 
ning the smoking behaviour of a husband is much more 
reliable than information concerning other sources of 
passive smoking; (iii) that non-smokers married to 
smokers are likely to be more tolerant towards other 
sources of passive smoking; and (iv) that smokers tend 
to cluster. 

This investigation was part of the Professorial Thesis of 
one of us (ST) and University rules did not allow the 
publication of the results before the thesis was submit- 
ted to the Medical School at the fall of 1987. 

Material and Method 
Between January 1982 and December 1983, 137 ever- 
married women 40-79 years old were admitted to the 
Seventh Clinic of the Teaching Hospital for Respira- 
tory Diseases in Athens with a diagnosis of COPD. 
Single women were not included in the study since 
their life-styles in Greece are sufficiently different 
from those of married women. Women younger that 
40 and older than 80 were not included in the study 
because very young women could not have been expo- 
sed to their husband's smoking for a period long 
enough to acommodate the postulated latency of 
COPD, whereas information coming from very old 
women could be less reliable than information provi- 
ded from younger women. Women were included in 
the study if they were hospitalized for the first time 
with principal diagnosis of COPD. The case series 
included patients who were presented with dyspnoea 
on exertion and expectoration for at least 3 years, and 
who were found in the laboratory to have obstructive 
or mixed type reduction of pulmonary function by at 
least 20% in forced expiratory volume in ls, withou! 
improvement after bronchodilatation [3]. Seven 
women with a history of bronchial asthma or familiai 
history of pulmonary emphysema were excluded from 
the study whereas two additional women refused to be 
inerviewed. Among the remaining 128 women of the 
index series 18 were current and 7 have been past 
smokers and were excluded from further analysis. 
(Smoking status was ascertained with reference point 
one year before the interview; thus those who stopped 
smoking six months before the interview were counted 
as current smokers). The remaining 103 women have 
twice denied that they have ever been smokers, once 
during their routine history-taking and then categori- 
cally at interview in the study. Controls were 206 ever- 
married women of similar age who were visitors 
(friends or relatives) of patients at the hospital during 
the same period. Six women refused to be interviewed 
and among the remaining 200, 7 were current and 14 

12 



Soz Praeventivmed 35 (1990) 

have  been  pas t  smoke r s  and  were  exc luded  f rom furt-  
he r  analysis .  Thus ,  the  analysis  was based  on  103 cases 
and 179 cont ro ls -a l l  ever  m a r r i e d  w o m e n  who  have  
neve r  b e e n  smoker s .  
Fo l lowing  ea r l i e r  G r e e k  expe r i ence  as well  as in te rna-  
t ional  p rac t i ce  [4-7] the  smok ing  hab i t s  of  the  h u s b a n d  
were  t a k e n  as ind ica to r s  of  exposu re  to e n v i r o n m e n t a l  
tobacco  smoke .  M o r e  specif ical ly,  e x p o s u r e  var iab les  
were  b a s e d  on  husband ' s  smoking  habi t s  in t e rms  of  
a m o u n t  ( n o n - s m o k e r ,  e x - s m o k e r  o f  any  speci f ied  
a m o u n t ,  and  cu r ren t  s m o k e r  by  ave rage  dai ly  n u m b e r  
o f  c igare t tes ;  smoking  of  o t h e r  forms of  tobacco  is ra re  
in G r e e c e ) ,  d u r a t i o n  (beg inn ing  f rom the  da te  of  
mar r i age  o r  s tar t  of  smoking  by  the  h u s b a n d ,  which-  
eve r  c ame  la te r ,  and  ending  at  the  da te  tha t  the  
h u s b a n d  d ied  or  s t o p p e d  smok ing  o r  cu r ren t  da te ,  
wh icheve r  came  first) ,  o r  the i r  p r o d u c t  ( to ta l  n u m b e r  
of  c igare t tes  s m o k e d ) .  
In  o r d e r  to con t ro l  po t en t i a l  con found ing  effects da t a  
were  also co l lec ted  f rom cases  and  cont ro l s  wi th  
r e spec t  to school ing  yea r s  of  the  w o m a n  and  her  hus- 
b a n d ,  p lace  of  r e s idence  (u rban  or  rura l )  be fo re  per -  
m a n e n t  s e t l emen t  in A t h e n s  (all  w o m e n  were  p e r m a -  
nen t  res iden ts  o f  A t h e n s )  and  occupa t ion  (housewife ,  
o the r ) .  Ana lys i s  was done  with s t anda rd  s t ra t i f ica t ion  

p r o c e d u r e s  [8, 9]. 

Results 
T a b l e  1 shows un iva r i a t e  charac ter i s t ics  of  cases and  
cont ro l s  wi th  r e spec t  to age in years ,  w o m a n ' s  school-  
ing in years ,  h u s b a n d ' s  school ing  in years ,  p rev ious  

r e s idence  ( rura l ,  i e less than  10000, or  u rban)  and 
w o m a n ' s  occupa t ion  (housewife  or  o the r ) .  T h e r e  are  
c lear ly  non s ignif icant  d i f ferences  with r e spec t  to 
w o m a n ' s  school ing ,  h u s b a n d ' s  school ing  and  p rev ious  

r e s idence ,  bu t  age and  w o m a n ' s  occupa t ion  a re  p o t e n -  
t ial  con founde r s  and shou ld  be  con t ro l l ed  in the  
analysis .  

Tab. 1. Univariate characteristics of 103 non-smoking 
ever-married women, first hospitalized with chronic 
obstructive pulmonary disease, and 179 non-smoking 
ever-married visitor controls, with respect to potential 
con founding factors 

Risk factors COPD Controls Difference or 
heterogeneity 

Age (years) N To N % (P two tails) 
40~9 21 20.4 44 24.6 
50-59 22 21.4 67 37.4 
60-69 26 25.2 50 27.9 0.001 
70;79 34 33.0 18 10.1 
Woman's schooling 
- 5  ~< 5 years 56 54.4 92 51.4 

6+ > 5years 47 45.6 87 48.6 0.6 
Husband's schooling 
-5  ~< 5years 34 33.0 52 29.1 

6+ > 5years 69 67.0 I27 70.9 0.5 
Previous residence 
Rural 41 39.8 62 34.6 
Urban 62 60.2 117 65.4 0.4 
Woman's occupation 
Housewife 55 53.4 123 68.7 
Other 48 46.6 56 31.3 0.01 

Tab. 2. Distribution of 103 non-smoking ever-married women, first hospitalized with chronic obstructive pulmo- 
nary disease, and 179 non-smoking ever-married visitor controls, by age, occupation and average daily number of 
cigarettes smoked by the husband 

Age Occupation Cases or 
Controls 

Average daily number of cigarettes 
smoked by the husband 

Non-smoking ex-smoker 1-20 21 + Total 

40-49 Housewife Cases 0 1 8 5 14 
Controls 9 5 3 13 30 

40-49 Working Cases 1 1 0 5 7 
Controls 2 3 3 6 14 

50-59 Housewife Cases 3 1 5 0 9 
Controls 7 14 i3 16 50 

50-59 Working Cases 1 1 4 7 13 
Controls 7 2 3 5 17 

60-69 Housewife Cases 2 1 5 5 13 
Controls 3 13 6 9 31 

60-69 Working Cases 2 2 4 5 13 
Controls 2 10 2 5 19 

70-79 Housewife Cases 3 7 7 2 I9 
Controls i 3 3 5 12 

70-79 Working Cases 1 4 2 8 15 
ControIs 2 2 1 1 6 

Total Cases 13 18 35 37 103 
Controls 33 52 34 60 179 

Relative risk (crude) 
Relative risk (Mantel-Haenszel) 
(90 % Confidence Limits) 
x a for trend, crude = 3.57 
x 2 for trend, Mantel extension = 3.80 

P one tail = 0.03 
P one tail = 0.03 

1.0 0.9 2.6 1.6 
1.0 0.6 2.4 1.4 

0.3-1.3 1.3.4.5 0.83.6 
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Tab. 3. Distribution of 103 non-smoking ever-married women, first hospitalized with chronic obstructive pulmo- 
nary disease, and 179 non-smoking ever-married visitor controls, by age, occupation and total life-long number of 
cigarettes smoked by the husband (in thousands) 

Age Occupation Cases or 
Controls 

non-smoker < 300 

Life-long total number of 
cigarettes smoked by the husband (thousands) 

> 300 Total 

40 -49  Housewife Cases 0 13 1 14 
Controls 9 14 7 30 

40-49 Working Cases 1 5 1 7 
Controls 2 11 1 14 

50 -59  Housewife Cases 3 5 1 9 
Controls 7 32 11 50 

50.59 Working Cases 1 7 5 13 
Controls 7 6 4 17 

60-69  Housewife Cases 2 3 8 13 
Controls 3 19 9 31 

60-69 Working Cases 2 5 6 13 
Controls 2 11 6 19 

70 -79  Housewife Cases 3 9 7 19 
Controls 1 i0 1 12 

70-79 Working Cases 1 5 9 15 
Controls 2 1 3 6 

Total Cases ' 13 52 38 103 
Controls 33 104 42 179 

Relative risk (crude) 
Relative risk (adjusted) 
(90 % Confidence Limits) 
x 2 for trend, crude = 5.58 
x -~ for trend, Mantel extension = 3.44 

P one tail = 0.01 
P one tail = 0.03 

1.0 1.3 2.3 
1.0 1.3 1.8 

0.~2.4 0.9-3.6 

Tables 2 and 3 show the distributions of cases and 
controls by age, occupation and average daily number  
of cigarettes smoked by the husband (table 2), or total 
life-long number of cigarettes smoked by the husband 
in thousands (table 3). In both instances there are 
statistically significant (one tail P <  0,05) linear trends 
between amount  of tobacco smoked by the husband 
arid risk of (hospitalization for) COPD.  Thus, it 
appears that exposure to environmental  tobacco 
smoke may contribute to the development  of COPD 
with an associated relative risk of about 2. 

Discussion 
Many epidemiologic investigations have firmly estab- 
lished that exposure of children to environmental 
tobacco smoke, usually attributable to the smoking 
habits of their parents, has clear effects on their 
respiratory system. The relevant studies, more than 25 
by now, have recently being reviewed [6, 7, 10, 11]. By 
contrast, studies in adults have been fewer and their 
results less clear-cut. Most of these studies have 
focused on pulmonary function rather than on clinical 
syndromes, and among them about half have found 
significant evidence that exposure to environmental 
tobacco smoke has adverse pulmonary effects [12-16], 
whereas in the other half such evidence was not appa- 
rent [17-21]. 
Very few studies have examined the association, if 
any, between exposure to environmental  tobacco 
smoke and development of COPD as a clinical entity - 
for instance no such study has been included in the 

major review volumes published by the National 
Research Council [7] and the Surgeon General  [6] or 
the recent review paper by Fielding and Phenow [11]. 
Yet investigations of a possible link between exposure 
to ETS and chronic obstructive pulmonary disease 
should be particularly promising for at least three 
reasons: chronic obstructive pulmonary disease is one 
of the entities most strongly related to active smoking 
[3]; a clinical COPD is by definition an extreme expre- 
ssion of the pathophysiological changes manifested as 
disturbances of pulmonary function(s) and it is a gen- 
eral epidemiologic principal that ~extreme points~ 
designs are inherently more powerful [22]; since indi- 
viduals more susceptible to the irritating effects of 
cigarette smoke on the lower respiratory tract are 
more likely to be non-smokers [7], a population of 
non-smokers passively exposed to ETS would be more 
likely to include susceptible individuals, who in turn 
would be more likely to develope the constellation of 
symptoms and signs of COPD. 
There are in the literature short reports of, or 
references to, three studies concerning the association 
between passive smoking and COPD. In the cohort  
study of Hirayama in Japan, a statistically significant 
relative risk of 1.6 was found i n non-smoking women 
passively exposed to the tobacco smoke of their hus- 
band [23]. In papers presented in 1987 in the meetings 
of the Society for Epidemiologic Research and the 
International Epidemiology Association, Sandler and 
her colleagues reported that in their cohort  an 
increased relative mortality from respiratory diseases 
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was found among non-smokers passively exposed to 
tobacco smoke, compared to non-smokers not so 
exposed [24]. There has been also a brief publication 
of preliminary results of the present study [5] (there 
are slight differences between the figures reported ear- 
lier and those shown here, due to recoding and use of 
different strata in the standardization procedures). 
The results of the present study taken together with 
those of the two cohort studies [23, 24] and the collec- 
tive findings of the epidemiologic studies exploring the 
association between exposure to ETS and various 
parameters of pulmonary function, suggest that pas- 
sive smoking may contribute to the development of 
COPD. The reported association is unlikely to be 
explained in terms of misclassification of current or 
past smokers as non-smokers [25]. Furthermore, rela- 
tive risk figures generated from empirical studies 
should be adjusted upwards, since few, if any, subjects 
are actually completely unexposed to passive smoking 
[26]. Lastly, random misclassification of ETS exposure 
and misspecification of biologic latency are likely to 
generate systematic underestimation of the true under- 
lying relative risk. 

Summary 
One hundred and three ever-married women with newly diagnosed 
Chronic Obstructive Pulmonary Disease (COPD), who have never 
smoked, and 179 ever-married women who were visiting friends or 
relatives at the same hospital during the same period and have never 
smoked, were interviewed regarding the smoking habits of their 
husbands. There was statistically marginally significant difference 
between the COPD cases and the controls with respect to their 
husband's smoking habits. The association was irregular with respect 
to daily number of cigarettes smoked but there was a smooth dose 
response curve with respect to life long total number of cigarettes 
smoked, with women whose husband smoked more that 300 thou- 
sand cigarettes having a relative risk of 1.8 (90 % confidence interval 
of 0.9-3.6) compared to women whose husband has never smoked. 
These findings, and converging related evidence, indicate that expo- 
sure to environmental tobacco smoke may be a risk factor for the 
development of COPD. 

R6sum6 
Effets de ia fum6e passive sur la survenue d'un syndrome broncho- 
obstructif chronique 
Cent-trois femmes, mari6es de longue date, n'ayant jamais fum6, et 
chez qui un syndrome broncho-obstructif chronique (SOC) a 6t6 
r6cemment diagnostiqu& ont 6t6 interrogdes pour ce qui concerne 
les habitudes tabagiques de leur maris. Leurs r6ponses furent corn- 
parses ~ celles de 179 femmes, 6galement mari6es de longue date et 
non-fumeuses, qui s'6taient rendues darts le m6me h6pital pour 
rendre visite ?a un parent ou ami. Les habitudes tabagiques des maris 
sont diff6rentes entre les cas de SOC et les contr61es, mais les 
diff6rences ne sont que marginalement statistiquement significa- 
fives. L'association est inconstante par rapport au nombre quotidien 
de cigarettes fum6es, cependant la courbe dose-r6ponse en fonction 
du nombre total de cigarettes fumdes au cours de la vie montre une 
progression r6guli6re. Les femmes dont les maris out fum6 plus de 
300000 cigarettes out un risque relatif de ddvelopper un SOC de 1,8 
(intervalle de confiance 90 %: 0,9-3,6) par rapport aux femmes dont 
les marls n'ont jamais fum6. L'association d6crite ici, ainsi que 
d'autres preuves concordantes, indiquent que 1'exposition passive 
la fumde de cigarettes peut ~tre un facteur de risque pour la surve- 
nue du SOC. 

Zusammenfassung 
Passivrauchen und chronisch obstruktive Lungenkrankheiten 
In einer Fall-Kontroll-Studie wurden i03 Patientinnen mit chronisch 
obstruktiver Lungenkrankheit erfasst, die nie geraucht hatten und 
zur Zeit der Studie verheiratet waren oder es zumindest fraher 
einmal gewesen waren. Als Kontrollen dienten 179 Frauen auf 
Krankenvisite im selben Spital, die ebenfalls nie geraucht hatten und 
auch zumindest einmal verheiratet gewesen waren. Verglichen wur- 
den die Rauchgewohnheiten der Ehem~inner. Der einfache Ver- 
gleich Raucher-Nichtraucher ergab eine schwach signifikante Diffe- 
renz, ein eindeutiger Zusammenhang mit der t~iglich gerauchten 
Anzahl Zigaretten land sich jedoch nicht. Eine dosisabh~ingige 
Beziehung zeigte sich bei der im Leben insgesamt gerauchten 
Anzahl Zigaretten: das relative Risiko war f~r Frauen, deren Ehe- 
m~inner mehr als 300000 Zigaretten geraucht hatten 1,8 im Ver- 
gleich zu Partnerinnen von Nichtrauchern (90 % Vertrauensintervall 
0,9-3,6). Diese Resultate k~Snnten ein Hinweis daffir sein, dass 
Nichtrauchen ein Risikofaktor far chronisch obstruktive Lungen- 
krankheiten sein k6nnte. 
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