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Abstract
The effects of exposure to environmental
tobacco smoke (passive smoking) on pul-
monary function ofnon-smoking, healthy
Iranian men (n = 167) and women
(n = 108) were investigated. There were
significant reductions in % predicted
FEV1 (5-7%), forced vital capacity (FVC,
4-6%) and forced expiratory flow 25-75%
(FEF25-75, 9-9%) among men exposed to
cigarette smoke (n = 78). The adverse
effect of passive smoking was greatest
among men exposed at the workplace
(reduction in % predicted FEV1 9-4%,
FVC 7-6%, and FEF25.75 15-3%). No sig-
nificant difference in pulmonary func-
tion was found among the 54 women
exposed to passive smoke, but only eight
women had smoke exposure at work. It is
concluded that exposure to environmen-
tal tobacco smoke, particularly at the
workplace, adversely affects the pulmon-
ary function of adults.

Cigarette smoking is the major cause of pre-
ventable diseases, including cardiovascular dis-
ease, lung cancer, and chronic obstructive
pulmonary disease. Involuntary exposure to
environmental tobacco smoke also carries
many hazards.'2 Exposure to cigarette smoke
or passive smoking has been associated with a

higher risk of lung cancer in adults, and with
increased frequency of respiratory infections
and symptoms in children.'-5 Parental smoking
is associated with reduced pulmonary function
in children."'

Relatively few studies have evaluated the
effects of environmental tobacco smoke on

pulmonary function in adults.9' '6 The current
study compares the pulmonary function of
healthy, non-smoking Iranian adults who were

and were not exposed to environmental tobacco
smoke.
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Methods
We tested 288 male and female non-smokers
aged 18-65 years living in Tehran. They
consisted of volunteers attending a medical
conference, hospital workers, or visitors to the
hospital. A questionnaire was used to collect
the following information from each subject:
personal data, age, sex, date of birth, place of
growing up, and occupation. Subjects were

excluded from the study if there was any

history of wheezing, current cough, dyspnoea,
sputum production, asthma, allergic rhinitis,
hay fever, urticaria, other allergic conditions,
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cardiac disease, chest deformity, or
occupational exposure to hazardous sub-
stances. None of the subjects had ever smoked.
For those subjects who reported exposure to
cigarette smoke, information was obtained
about the place of exposure (home, workplace,
or both) and who the smoker was at home
(father, mother, brother, sister, spouse, or
other). We also requested information on the
period of passive exposure to cigarette smoke,
and the number of cigarettes consumed daily
by the smoker, and on prenatal exposure to
cigarette smoke, but there were insufficient
responses to these questions to allow further
analysis.
The investigation was carried out in Tehran.

Height and weight were measured without
shoes and with light clothing. Oral temperature
was measured. Ambient atmospheric pressure,
humidity, and temperature were recorded daily
(mean room temperature 22 9°C, mean atmos-
pheric pressure 666 mm Hg). The tests were
done with the subject sitting and wearing a
noseclip. Spirometry was carried out with a
Vitalograph bellows spirometer that met the
American Thoracic Society criteria'7 for
measurement of forced vital capacity (FVC),
forced expiratory volume in the first second of
FVC (FEV1), and forced expiratory flow
25-75% (FEF2,75). The maximum volume was
used for FVC. The time zero for FEV1 was
determined by the back extrapolation method;
the back extrapolation volume was always
under 5% of the FVC. The FEF2,75 was
determined from the volume-time curve with
the largest sum of FVC and FEV1. Peak
expiratory flow (PEF) was measured with a
Wright peak flow meter. Each subject carried
out at least three spirometry manoeuvres and
three PEF determinations. If there was more
than a 5% difference between the two best
FVC or PEF values, that value was discarded.
For FVC, FEVI, and PEF the highest values
were used for subsequent analysis. All volumes
were recorded at room temperature and con-
verted from ATPS to BTPS.

STATISTICAL ANALYSIS
Values are expressed as means and standard
errors, except for age and height, which are

given as means and standard deviations.
Multivariate regression analysis was used to
obtain regression formulas for BTPS values on
the basis of age and height. As our hypothesis
was that exposure to environmental tobacco
smoke would cause decrements in pulmonary
function, we used a one tailed unpaired t test to

compare the two groups. Analysis of variance
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Table 1 Mean (SEM) age, height, and pulmonary function values (% predicted) in male passive smokers and in
non-exposed men: comparison in all men, all those aged less than 50, and age matched men

All men Men under 50 Age matched men

Passive Non-exposed Passive Non-exposed Passive Non-exposed

Number 78 89 76 77 46 46
Age(y) 27 7(10)** 341(13) 271(10)** 305(10) 284(13) 28-4(1-3)
Height (cm) 172.7 (0 7) 171-1 (0-7) 172.7 (0 7) 171 4 (0-7) 172-4 (1 0) 171-0 (0 8)
FEV,(0O) 96.9 (1.3)** 102 6 (1 4) 97.0 (1.3)** 102.2 (1-3) 96 2 (1.6)** 103 5 (1-7)
FVC (00) 97-5 (1-3)** 102 1 (1-2) 97.8 (1.3)* 102-0 (1 3) 97.9 (1.6)* 103-0 (1 7)
FEF2575 (°h) 94.4 (2-8)* 104 3 (3 3) 94-1 (2 8)* 103 8 (3 2) 91.1 (3.6)** 106 5 (4 1)
PEF (°) 98.8 (1 3) 100-9 (1-5) 98.4 (1.3)** 101.7 (1 5) 97 2 (1 7) 103 6 (1 9)

*p < 0 01; **p < 0 005 in the comparison with non-exposed subjects (one tailed t test).
FEV,-forced expiratory volume in one second; FVC-forced vital capacity; FEF25,5-forced expiratory flow 25-75oo; PEF-
peak expiratory flow.

(the Dunnett method) was used to compare
several groups against one control group.
Values of p less than 0 05 were deemed sig-
nificant.

Results
Of the 288 subjects examined, 13 were
excluded: two in whom a history of smoking
became apparent, four with a history of allergic
rhinitis, two with chest deformity, and five
because of unreproducible spirometry values.
Of the 275 study subjects, 167 were male and
108 were female.
The male subjects ranged in age from 17 to

65 years (mean 31-1 (11 3)). The age distribu-
tion was as follows: 23 subjects were 17-20
years, 69 21-30, 42 31-40, 19 41-50, 11 51-60,
and three 61-65. Their height ranged from 154
to 192 (171-8 (6-2) cm). There were 81
students, 33 white collar employees, 28
labourers, 16 medical technicians or nurses,
and nine physicians.
The female subjects ranged in age from 18 to

65 (31-5 (11 9) years). Their age distribution
was as follows: nine subjects were 18-20 years,
56 21-30, 23 31-40, seven 41-50, 11 51-60, and
two 61-65. Their height ranged from 144 to
172 (159-6 (5 2) cm). Of the 108 subjects, there
were 40 students, 39 medical technicians and
nurses, 18 housewives, eight white collar
employees, and three labourers.

PASSIVE SMOKERS
Male subjects Of the 167 men, 78 (47%) were
passive smokers. The distribution of occupa-
tions of the male passive smokers was similar to
that of the non-exposed men (43 students, 16
white collar employees, nine labourers, eight
medical technicians and nurses, and two
physicians), except that a smaller number of
labourers were passive smokers. Forty seven
(62%) of the passive smokers were exposed to
smoke at home, 16 at work, and 15 at both
places. For 45 of the 47 passive smokers who

were exposed at home the father was the
smoker. Passive smokers were younger than the
non-exposed subjects (27-7 (9-0) v 34-1 (12-3)
years; p < 0 05; table 1). Height was similar in
the exposed and non-exposed group. Passive
smokers had lower % predicted values for
FEV1, FVC, FEF25-75 but similar PEF values.
As the age of the passive smokers and non-
exposed group differed further analyses were
performed. The same relations were found
among subjects 50 years old or younger (76
passive smokers, and 77 non-exposed). When
92 age matched subjects were compared,
passive smokers had significantly lower
predicted values for all measurements, includ-
ing PEF.

Passive smokers were divided into sub-
groups according to the source of exposure to
investigate the effect of the type of exposure to
cigarette smoke (table 2). Values for % pre-
dicted FEV1, FVC, and FEF2575% were lower
(p < 0 05) for subjects exposed at work than
for non-exposed subjects. In the subgroup
exposed to smoke only at work FEVy and
FVC were lower (p < 0 05), and for those
exposed at work and home FEVy was
significantly lower. No reductions were seen in
those exposed only at home.
Female subjects Of the 108 female subjects, 54
(50%o) were passive smokers, including 17
students, 26 medical technicians and nurses,
four housewives, four white collar employees,
and three labourers. The passive smokers
included more medical technicians and nurses,
fewer housewives, and more labourers than the
non-exposed group. Forty six passive smokers
(85%) were exposed at home, four at work, and
four at both places. The father was the smoker
for 27 subjects exposed at home. Age and
height were similar in the passive smoking and
non-exposed subjects (table 3). There were no
significant differences between the non-
exposed subjects and the passive smokers in %
predicted spirometric values among the group

Table 2 Mean (SEM) pulmonary function values (% predicted), age, and height: comparison of non-exposed men
and subgroups of male passive smokers

n FEV, (%) FVC(%) FEF25-75(%) PEF((%) Age (y) Height (cm)

Non-exposed 89 102-6 (1 4) 102 1(1-2) 104-3 (3-3) 100.9 (1 5) 34 1(1-3) 171 1(0 7)
W 16 92-8 (2-5)t 93-6 (3 0)t 89-7 (4 8) 97-6 (2 3) 33 3 (1-9) 174.3 (1 4)
W+H 15 93-6 (2 9)t 95 5 (3-1) 88-1(4 6) 97 1(3-9) 29-8 (2 2) 172-9 (1-5)
W+ 31 93 2 (1 8)t 94-5 (2-1)t 89-0 (3 2)t 97-3 (2 1) 31 6 (1-9) 173-6 (1-2)
H 43 98-4 (1 7) 99-3 (1-7) 93-6 (3-6) 98-7 (1-8) 24 9 (0 9)t 172-2 (0-9)

W-those exposed at work only; W+ H-those exposed both at work and at home;W+-those exposed at work with or without
exposure at home; H-those exposed at home only. tp < 0-05 in the comparision with non-exposed subjects.
Abbreviations as in table 1.
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Table 3 Mean (SEM) age, height, andpulmonaryfunctionvalues (% predicted) infemalepassivesmokersandin
non-exposed women: comparison in all women and age matched women

All women Age matched women

Passive Non-exposed Passive Non-exposed

Number 54 54 22 22
Age (y) 30-7 (1-4) 32 2 (1 9) 26-7 (1-8) 26-7 (1-8)
Height (cm) 159-9 (0 7) 159-3 (0-7) 160 4 (1.0) 158-8 (1.2)
FEV, (%) 100-9 (1-9) 99-3 (1-5) 99-1 (3-1) 97 9 (2-0)
FVC() 1012 (17) 98-9 (1-7) 97-9 (2-9) 97.8 (2 4)
FEF2-75 () 99-8 (5-0) 98-4 (3-6) 103-8 (4 9) 95-3 (5-0)
PEF (%) 99-4 (2-5) 100-6 (2-2) 95-9 (3 4) 100.9 (4-3)

There are no significant differences between passive and non-exposed subjects (one tailed t test).
Abbreviations as in table 1.

as a whole or between the age matched subjects.
No significant differences emerged from
further analysis of subgroups of passive
smokers by comparison with control subjects.

Discussion
There is no doubt about the adverse health
consequences of cigarette smoking among
smokers. Several reports have shown the
deleterious effect of cigarette smoking on
pulmonary function in individuals who
smoke."'20 Dockery et al' found a larger reduc-
tion in FEV1 than FVC among smoking adults
and a greater reduction in men than in women.
Our study documents an adverse effect on
pulmonary function in men exposed to
environmental tobacco smoke.
Exposure to cigarette smoke or passive

smoking is gaining more attention because of
its appreciable public health effects. Environ-
mental tobacco smoke is a combination of
sidestream smoke and exhaled mainstream
smoke. Owing to a lower temperature of
combustion, side stream smoke contains larger
concentrations of ammonia, benzene, carbon
monoxide, nicotine, and various carcinogens
(2-naphthylamine, 4-aminobiphenyl, n-
nitrosamine, benz(a)-anthracene, and benzo-
pyrene) than does mainstream smoke.' Many
studies have shown a reduction in pulmonary
function values among children of smoking
parents. These include reductions in FEVy671'
and FVC6 in boys and in FEF2575 in girls689 or
both sexes.'0 Some studies have not found a
significant effect of parental smoking on
children's pulmonary function.9 2 The
Surgeon General has concluded that the
children of parents who smoke have smaller
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Figure 1 Pulmonary function values in non-exposed
subjects ( ) and passive smokers (U).

rates of increase in lung function as the lung
matures.'

Several studies have evaluated the effects of
passive smoking on pulmonary function in
adults. White et al"4 reported small airways
dysfunction with a 14% reduction in FEF25-75
in non-smokers exposed to environmental
tobacco smoke; a fall of5% in FEV1 and of3%
in FVC was not significant. Kauffman et al'3
studied the effect of exposure to cigarette
smoke at home on pulmonary function in
French men and women but they did not
control for exposure in the workplace. There
was a reduction of 3% in FVC, 4% in FEV, and
6% in FEF25-75 among women; men exposed to
passive smoke at home showed a 6% fall in
FEF2175 and a non-significant 4% fall in FEV1.
Masi et al'6 found adverse effects of passive
smoking on FEF2575 in young men (aged 15'
35) and on carbon monoxide transfer factor in
young women. Other studies have not found
significant effects on pulmonary function of
exposure to tobacco smoke in adults.9 12'5
Our study shows a significant reduction in %

predicted FEV, (5 7%), FVC (4-6%), and
FEF2B,75 (9 9%) in male passive smokers by
comparison with non-exposed men, but no
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Figure 2 Pulmonary function values in non-exposed
subjects (r) and in passive smokers exposed at home only
(A), at work only ( ), at home and at work (<.), and
at work whether or not at home (3). *p < 0 05.
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differences were found in the women. The
reductions were even greater among age
matched male passive smokers (7-3% in FEV,,
5-1% in FVC, and 15-4% in FEF2,75). The
PEF was significantly reduced (6-4%) only in
the age matched group. Thus we found some-
what larger increments in FEV, and FVC than
did KaufEfnann et al" and White et al,.4 but
smaller decrements in FEF25.75 than White et
al.
One explanation for the larger decrements

observed in our study could be that there was a
greater exposure to environmental tobacco
smoke among our subjects. The strict selection
criteria we used should reduce the variation
due to other factors, making detection of sig-
nificant effects due to passive smoking more
likely. For example, the standard deviations of
% predicted FEV, values among non-exposed
and passive smoking men were 17-5% and
17-2% in the study of White et al,'4 but only
12-6% and 114% in our study. The standard
deviations of the observed-predicted values
were similar to those in other studies of normal
subjects,2324 indicating that the variability in
our study is what would be expected for normal
individuals. Although other studies excluded
individuals with current respiratory signs and
symptoms, most did not exclude those with hay
fever, allergic symptoms, or a past history of
asthma. We included only normal subjects
without a history of smoking and excluded all
of those who had signs and symptoms of
conditions that could affect the spirometric
values.
As most subjects were unable to quantify the

amount ofexposure to passive smoke, we could
not relate pulmonary function to the number of
years or hours per day of exposure to cigarette
smoke. All the subjects were living in Tehran,
an area high in air pollution, but none gave a
history of occupational exposure that would
affect the spirometric values. We do not have
information about the sources of energy used
for heating and cooking. Some reports have
linked cooking energy sources to impairment of
ventilatory function,46 whereas others have not
found such an effect.'5
When the male passive smokers were divided

into subgroups according to their source of
exposure, we found a significant reduction in
spirometric values only among those who were
exposed at work. The group exposed to smoke
at the workplace with or without exposure at
home had a reduction of 9 4% in FEV,, 7-6%
in FVC, and 15-3% in FEF2,75. The values for
% FEF25-75 were lower in all subgroups
exposed at work but the differences were not all
significant, presumably because of the small
number of subjects in each subgroup and the
greater variability of % FEF2,75 values. Men
exposed to environmental tobacco smoke only
at home had smaller (and non-significant)
reductions in FEV, (4-2%), FVC (1.8%), and
FEF2B.75 (107%) than those exposed in the
workplace.
An explanation for the greater effect of

exposure at the workplace is that the subjects
would be exposed for about eight hours,
whereas at home the actual contact and

exposure to cigarette smoke is shorter. None of
the study subjects reported occupational
exposures to hazardous substances. An
argument could be made that labourers are
more likely to be exposed to unknown agents
that would adversely affect pulmonary func-
tion. Although the distribution of occupations
between the passive smoking and the non-
exposed males was similar, 18 non-exposed
males were labourers compared with nine
passive smokers. If labourers had unknown
exposures leading to worse pulmonary function
the effects of passive smoking would be greater
than we found. We suggest that the reason no
differences were found among women was that
only eight were exposed to passive smoke at
work, compared with 31 men.

In conclusion, our study has shown a sig-
nificant reduction in spirometric values among
men exposed to environmental tobacco smoke.
Men exposed at work with or without exposure
at home showed the greatest reduction. The
adverse effects of passive smoking on
pulmonary function in adults emphasises the
importance of preventing exposure of non-
smokers to cigarette smoke.

M-R M was on sabbatical leave from the Iran
University of Medical Sciences, Tehran. D C J
was supported by National Institute of Health
clinical investigator award HL01 166.
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