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Respiratory symptoms and lung function effects of
domestic exposure to tobacco smoke and cooking
by gas in non-smoking women in Singapore

T P Ng, K(P Hui, Wan C Tan

Abstract
Study objectives-To investigate the effects
ofpassive exposure to tobacco smoke and gas
cooking at home on respiratory symptoms
and lung function of non-smoking women.
Setting-Evidence on the effects of passive
smoking and exposure to nitrogen dioxide
from gas cooking on the respiratory health of
adults is limited and variable. Over 97% of
women in Singapore do not smoke, and a
principal source of indoor air pollution for
housewives is passive smoking and gas
cooking.
Design-This was a cross sectional (preva-
lence) study of a population based sample of
2868 adults aged 20 to 74 years in Singapore.
A structured questionnaire administered by
trained interviewers was used to collect data
on passive smoking, gas cooking, respiratory
symptoms, and other relevant variables.
Passive smoking was defined as exposure to
cigarette smoke from one or more members
of the household who had ever smoked. Gas
cooking was defined in terms of the weekly
frequency of gas cooking, as well as the
frequency with which the respondent's kit-
chen was filled with heavy cooking fumes
(rarely, occasionally, often). Forced
expiratory volume in one second (FEV1) was
measured by using a portable Micro-
spirometer. Multivariate analyses were used
to estimate relative odds of association for
respiratory symptoms and FEV1 effect, with
adjustment for potential confounding
variables.
Participants-Ofa total of 1438 women in the
sample, 1282 women who had never smoked
provided questionnaire data and 1008 women
provided acceptable readings of FEV1 for
analysis.
Main results-Passive smoking was signifi-
cantly associated with greater relative odds
of usual or chronic cough and phlegm,
wheezing, and breathlessness on exertion, as
well as lower FEV1. Greater relative odds of
respiratory symptoms were also associated
with the weekly frequency of gas cooking,
although these results were statistically
insignificant. Chronic cough and phlegm and
breathlessness on exertion, however, were

significantly associated with the frequency
with which the kitchen was filled with heavy
cooking fumes. A lower FEV1 was found in
women who cooked frequently (more than
thrice a week).
Conclusion-Domestic exposure to cigarette
smoke and gas cooking is associated with
increased risks of respiratory symptoms and

impairment oflung function in non-smoking
women in Singapore.
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Domestic exposure to cigarette smoke ("passive
smoking") and to nitrogen dioxide from the use of
gas for domestic cooking and heating are two
principal sources of indoor air pollution that have
been investigated in recent years as environmental
causes of respiratory morbidity in people who do
not smoke. 2 Most studies in children have shown
that passive smoking is associated with increased
frequencies of respiratory illness3 1 3 and
symptoms,'I } and deleterious effects on lung
function.'4 21 The use of gas for cooking or
heating has also been shown to be associated with
increased frequencies of respiratory symptoms
and illnesses in some studies,' II 22 2 3 but not in
others.24 26 Gas cooking was found to be associ-
ated with only little' l4 20 or no8 22 2 1 diminution
in lung function in children. There are many fewer
reports on the effects of these indoor air pollutants
in adults, and the results are also more variable.
Passive exposure to tobacco smoke in the home is
not associated with respiratory symptoms accord-
ing to some studies' 1 27 28 but positive associa-
tions are found in others.2( '( No association with
lung function impairment is reported in some
studies,-7 28 31 but significant impairment is
reported in others. 32 35 The use of gas for cooking
or heating is reported to be associated with an
increased prevalence of respiratory symp-
toms28 3 '~37and diminished lung function37 3" in
adults, although some investigators have also
found no adverse respiratory effects.2 28

In Singapore, environmental tobacco smoke
and nitrogen dioxide from gas cooking are impor-
tant sources of domestic air pollution, with
potentially deleterious effects on respiratory
health. This is because most women (about 97'S,)
are non-smokers. There is widespread prohibition
of smoking in workplaces and in all enclosed
public spaces such as cinemas, restaurants, hotels,
and public transport. Hence, the principal
exposure to environmental tobacco smoke in
non-smokers occurs at home. Moreover, about
half of all women are housewives who are not
therefore exposed to pollutants at the workplace,
but are likely to be most heavily exposed to
environmental tobacco smoke from spouses and
other members of the household who smoke. The
prevalence of current smokers among the adult
male population is about 35%. Because of the
warm tropical climate, gas is not used for home
lheating. Cooking is generally by piped or bottle
gas and additionally with electricity. Water for
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showers or baths is heated by electricity, almost
never with gas.

This study was undertaken to investigate the
relationship between domestic exposure to passive
smoking and gas cooking and respiratory symp-
tom prevalence and pulmonary function in a
population sample of non-smoking women in
Singapore.

Methods
The subjects in this study were recruited from a
population sample survey of respiratory health of
male and female adults aged 20 to 74 years in
Singapore. A stratified, two stage cluster dispro-
portionate sampling procedure was used to obtain
a study sample with approximately equal quotas of
subjects for each of the three races (Chinese,
Malavs, and Indians), and 11 five year age groups.
The final sample consisted of 2868 residents
(72 8'S, response) in 1866 households (79%
response) drawn from 199 housing blocks in five
public housing estates on the island.
A structured questionnaire was administered bv

trained interviewers in the languages usually
understood and spoken by the respondents. In
most cases, the interview was conducted in
English as most people in Singapore use English in
addition to their ethnic language. In cases where
older respondents could not understand English,
it was always possible to enlist the help of their
English speaking children in the household or
appropriate interviewvers who spoke Chinese,
Malay, or Tamil.

Respiratory symptoms were elicted using a
modified version of the British Medical Research
Council Questionnaire for Chronic Bronchitis.
Usual cough or usual phlegm were defined as
usually having cough or bringing up phlegm, first
thing in the moming or during the day or night, on
most days of the week, for the past three years.
Chronic cough or phlegm was defined as usual
cough or phlegm occurring for as much as three
months or more in the year. Breathlessness
referred to shortness of breath when walking up a
slight incline or hurrying on level ground, or a
greater grade of exertional dvspnoea. Asthma was
defined as episodic wheeze and report ofasthmatic
symptoms diagnosed by a doctor as asthma during
the past year, in the absence of cardiac disease.
Atopy was defined according to the presence of
symptoms of chronic rhinitis and eczema related
to contact with allergens.
A non-smoker was defined as someone who had

never smoked one or more cigarettes a day for as
long as a year. Passive smoking was defined in
terms of the presence of one or more members
(beside the respondent) of the household who was
ever a smoker. A respondent was considered to
have heavy exposure to passive smoke if one or
more members of her household was ever a heavy
smoker (past or current daily consumption of 20
or more cigarettes); her exposure was considered
light if none of her smoking household members
smoked more than 20 cigarettes a day.
Each respondent was asked how many times in a

week she usually did cooking at home. Since
exposure to nitrogen dioxide from gas cooking
might also vary depending on the degree of natural
or forced ventilation in the kitchen, an

additional question was asked, "How often does
your kitchen get filled with heavy cooking fumes?"
(rarely, occasionally, often).
Socioeconomic status was defined according to

the size of the flat (one to three rooms, four or
more rooms) since this is highly related to income,
although it should be noted that the socioecono-
mic differential is not wide in residents of public
housing estates. In terms of employment status,
women were defined as housewives if they had
never been in paid employment.
Pulmonary function was measured using a hand

held turbine spirometer (Micro spirometer, Micro
Medical Limited) which had been validated pre-
viousl.41' Each spirometer was calibrated at the

beginning of the survey and checked preiodicallv
in series against a dry-wedged, bellows spirometer
(Vitalograph), with satisfactory results. The field
workers were given prior intensive instruction and
training to ensure that the forced expiratory
manoeuvres were performed properly by the
respondent. At least three "satisfactory" blows
were recorded, and the subject's technical per-
formance was assessed by the field worker and
readings which were considered "technically
unsatisfactory" were discarded. Previous studies
indicate,42 and the results of our own validation
studies also confirm, that the forced vital capacity
meaured by the portable spirometer is liable to be
svstematically underestimated because of
insufficient completion of forced expiration with-
out the aid of a graphical presentation of the
volume-time curve. For this reason, only the
forced expiratory volume in one second (FEV1)
was used to assess the degree of airway
obstruction.
The statistical analysis involved data of 1282 life

long, non-smoking women with no known history
of cardiac disease from the total of 1438 women in
the study sample. Of these, a total of 1008
non-smoking women provided acceptable read-
ings of FEV, for analysis. FEV, data were
expressed as percentages ofpredicted values based
on age and height, separately for each of the three
races. Separate prediction equations for female
Chinese, Malays, and Indians were based on the
data of non-smoking women without known
cardiac or respiratory diseases including asthma
and chronic bronchitis in the sample.

In comparing the prevalences of chronic res-
piratorv symptoms and asthma in exposure
groups, multiple logistic regression was used to
calculate the relative odds of associations and
their 95% confidence intervals (95°0o CI) with
simultaneous adjustment for age (20-39, 40-59,
60-74 years), race, area of residence, flat size, and
employment status. Relative odds for wheeze and
physician-diagnosed asthma were calculated with
additional adjustment for chronic rhinitis/eczema.
Multiple linear regression was used to assess the
independent association of passive smoking and
gas cooking with FEVy and FEV1'Y% or predicted
with covariate adjustment for age, race, height,
area of residence, flat size, and employment
status, where appropriate. To exclude the
possiblility of workplace exposure to cigarette
smoke, the data were also analysed separately for
housewives only. The analyses were performed
using procedures from the SAS package of stat-
istical softwares.
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Results
The demographic characteristics of the non-
smoking women in the study are shown in table I.
Forty three per cent of the women were house-
wives, and as expected were generally older than
women in paid employment. The prevalence of
ever having been exposed to passive smoking at
home was 52%. Fifty per cent of the women
reported cooking three to 14 times a week, and
another 29% reported cooking 15 or more times a
week. The proportion of women who reported
that their kitchens were occasionally or often filled
with heavy cooking fumes were 18% and 3%,
respectively.
Compared with women who did not have any

smokers in the household, women exposed to
passive smoking had significantly higher preva-
lences of chronic cough and phlegm,
breathlessness on exertion, and wheezing (table
II). Women with heavy exposure to smoke, in
particular, were found to have the most signifi-
cantly greater prevalences of these respiratory
symptoms. The relative odds of association
remained statistically significant after allowing for
possible confounding by age, race, area of
residence, flat size, and employment status.
Although the differences in the prevalences of

respiratory syr
frequency of
significant, mc

Table I Demographic
characteristics of non-
snmoking women, Singapore
Respiratory Health Study

Table II Prevalence%
(no) and adjusted rate
ratio (95% CI) of
association between
respiratory symptonis and
exposure to smoke at home
by non-smoking wonmen

No of subjects
Housing estate:

Bukit Merah
Geylang/Eunos
Jurong East
Toa Payoh
Yishun

Age (y):
20 39
40-59
60-75

Race:
Chinese
Malays
Indians

Flat size:
1-3 rooms
4 or more rooms

tended to exceed unity, and the increased preva-
lence of breathlessness on exertion in particular
was ofborderline statistical significance (table III).
It is interesting to note that, given the possibility of
reporting bias, the prevalences of most of these
symptoms were significantly greater in women
who reported that their kitchens were frequently
(compared with rarely) filled with heavy cooking
fumes, particularly for chronic cough and phlegm
(relative odds 4 04; 95%, CI 1 44, 11 34), chronic
bronchitis (relative odds 6 17; 95% CI 2 43,
15 64), and breathlessness on exertion (relative
odds 1 84; 95% CI 1 12, 3 01).
The mean values of FEV, and FEV1%0 of

predicted were lower in women who had one or
more smokers at home (table IV) Similar stat-
istically significant differences were observed in
women who cooked frequently (more than twice a
week). No significant differences were found when
comparing the frequency with which kitchens
were reportedly filled with heavy fumes.
Most of these associations were also con-

sistently seen in housewives, although the confi-
dence intervals of the associations were much
wider because of smaller numbers of observations.

nptoms in relation to the weekly Discussion
gas cooking were not statistically These results provide further evidence of a pos-
:)st of the estimated relative odds itive association between passive smoking and

respiratory symptoms and lung function
All wom7sen Housewivess,ll' impairment in non-smoking adults. Not all the
nr, (%>,,) \.o (%>')available evidence from a number of studies
1282 (100()) 548 (100) supports the presence of such an effect, but our

results agree with those reported in several investi-
202 (15-8) 87 (15-9) gations.20 3 3 Higher prevalences of chronic
304 (2357) 137 (2520) cough and phlegm were most clearly seen in those
192 (15 0) 91 (16-6) women with household members who were heavy
255 (19-9) 112 (20-4) smokers. In women living with household mem-
552 (43-0) 129 (23-5) bers who were light smokers, some effects were
479 (374) 248 (453) also apparent, especially with regard to usual
251 (19-6) 171 (31-2) cough in the morning, day, or night. It is interest-
441 (34-4) 173 (31-2) ing to note that many more women reported
431 (33 6) 182 (33-2) "usually" having a cough, but not for "as much as410 (32-0) 193 (35-2)

three months in the year". Considering the nature
801 (62 5) 367 (67-0) of passive exposure to cigarette smoke, it is

s 481 (37-5) 181 (33 0) reasonable to expect that most affected women

Ever exposed to smaokers at home

1 or miiore 1 or miore
light smokers heavs smokers

All employed women and housewives:
No of subjects 619
Usual cough 1-8 (11)
Usual phlegm 4-7 (29)
Cough 3 months 1-1 (7)
Phlegm 3 months 1-8 (11)
Chronic bronchitis 1-8 (11)
Breathlessness 18-7 (117)
Whceze 2-4 (15)
Physician

diagnosed asthma 2-4 (15)

344
4-6 (16)
6-1 (21)
1-2 (4)
1-2 (4)
1-4 (5)

20-6 (71)
2-3 (8)

2-0 (7)

319
6-3 (20)
5 3 (17)
3-4 (11)
3-1 (10)
3-8 (12)

26-6 (85)
5-0 (16)

3-4 (11)

Adjuisted rati ratlo * (95Q( CI)
I or m71ore lighlt I or 771ore heavs'
smoakers v nion1e smokers v n1on7e

2-84 (1-29, 6-24)t 3-79 (1-76, 8-14)t
1-50 (0-83, 2-71) 1-36 (0-72, 2-57)
1-08 (0-31, 3-72) 3-01 (1-13, 8-03)t
0-74 (0-23, 2-37) 2-29 (0-94, 5-59)
0-91 (0- 31, 2-66) 2-25 (0 96, 5 27)
1-23 (0(87, 1 74) 1-83 (1- 30, 2-58)t
0-95 (0-38, 2-39) 2-69 (1-23, 5-88)t

0-86 (0- 34, 2-21) 1 60 (0-69, 3-70)

Housewives nnlv:
No of subjects 279 136 133
Usual cough 2-1 (6) 5-1 (7) 6-0 (8) 2-53 (0-81, 7-87) 3-08 (1-0 1, 3-48)t
Usual phlegm 6-1 (17) 8-1 (11) 6-0 (8) 1-59 (0-71, 3-57) 1-18 (0-48, 2-95)
Cough 3 months 1-8 (5) 1-5 (2) 3-8 (5) 0 65 (0-12, 3-56) 1-61 (0-43, 6-04)
Phlegm 3 months 2-9 (8) 1-5 (2) 3-0 (4) 0-56 (0- 11, 2-74) 1-35 (0-38, 4-80)
Chronic bronchitis 2-9 (8) 0-7 (1) 4 5 (6) 0-26 (0-03, 2-09) 1-54 (0-50, 4-74)
Breathlessness 20-1 (56) 24-3 (33) 27-1 (36) 1-45 (0-85, 2-48) 1-89 (1-09, 3-26)t
Wheeze 3-6 (10) 2-9 (4) 5-3 (7) 0-64 (0-17, 2-42) 1-71 (0-51, 5-66)
Physician

diagnosed asthma 3-6 (10) 2-2 (3) 3-8 (5) 0-60 (0-15, 2-44) 0-88 (0-25, 3-06)
*Adjusted for age, race, area of residence, flat size, emplovment status, and weekly frequency of gas cooking.
tp<0-05; tp<0-0l
Sec tcxt for explanations of symptoms
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"eekl/v frequency of gas cookinlg

0-2 ti'lOes 3-14 tOiens >=15 tilnes

All employed women and housewiVes:
No of subjects 266
Usual cough 3-0 (8)
Usual phlegm 4-9 (13)
Cough 3 months 1 -1 (3)
Phlegm 3 months 1-1 (3)
Chronic bronchitis 1- 1 (4)
Breathlessness 16-9 (45)
Wheeze 1-5 (4)
Phvsician

diagnosed asthma 1-5 (4)

647
3-2 (21)
5-6 (36)
2-0 (13)
2-3 (15)
2-8 (18)

21-9 (142)
3-5 (23)

2-2 (14)

369
4-9 (18)
4-9 (18)
1-6 (6)
1-9 (7)
1-6 (6)

23-3 (86)
3-2 (12)

4-1 (15)

Adjuisted rate rati( * (95°o CI)

3-14 tiOles X >= 1 5 times X
0-2 tOines 0-2 timies

1-17 (0-49, 2-77)
1-12 (0-57, 2-23)
1-65 (0-44, 6-15)
2-08 (0-57, 7-57)
1-80 (0-58, 5-60)
1-46 (0-98, 2-17)
2-36 (0-76, 7-36)

1-51 (0-59, 3-85)
0-85 (0-37, 1-93)
1-13 (0-25, 5-06)
1-89 (0-43, 8-26)
0-89 (0-23, 3-51)
1-43 (0-91, 2-15)
1-66 (0-48, 5-79)

1-44 (0-45, 4-62) 2-54 (0-76, 8-44)

Housewvives only:
No of subjects
Usual cough
Usual phlegm
Cough 3 months
Phlegm 3 months
Chronic bronchitis
Breathlessness
Wheeze
Phvsician

diagnosed asthma

63
1-6 (1)
6- 3 (4)
1-6 (1)
1-6 (1)
1-6 (1)

14- 3 (9)
4-8 (3)

1-6 (1)

270
3-0 (8)
7-4 (20)
2-2 (6)
3-3 (9)
3-7 (10)

21-8 (59)
5-9 (16)

3-0 (8)

215
5-6 (12)
5-6 (12)
2-3 (5)
1-9 (4)
1-9 (4)

26-5 (57)
6-5 (14)

4-2 (9)

1-84 (0-22, 15-58) 3-16 (0-37, 26-65)
1-18 (0-37, 3-72) 0-75 (0-21, 2-64)
0-91 (0- 10, 8-40) 1-10 (0-12, 10-34)
2-51 (0-30, 21-22) 1-81 (0-19, 17-51)
2-02 (0-24, 16-84) 0-98 (0- 10, 9-57)
1-85 (0-81, 4-23) 2-28 (0-99, 5-32)
1-55 (0-28, 8-67) 0-58 (0- 10, 3-70)

1-87 (0-21, 16-64) 2-85 (0-31, 26-24)

*Adjusted for age, race, area of residence, flat size, employ-rment status, exposure to smokers at home, and atop- (for wheeze

and physician diagnosed asthma).
See text for explanations of svmptoms

Table IT' Forced
expirator,volume'linl )I

seconid (FEI',), (ncanl
S'AIlI), oJ no)n-snl(iking
zL-i0 iien 1n1 relatio to

domestic exposure to

cigarette smioke anid gas
cooking

All cnpliosed wonien and hiouseis-Ves Housea-lw

..o of Adjutsted Adju sted N o of
subjects FEV ,, FEV1 °o su bjects

Smokers at home:
None 485
One or more light smokers 269
One or more heavy smokers 254

1-83 (0-019) 101-5 (1-09)
1-78 (0 026)* 98-1 (1-44)
1-76 (0-026)t 98-3 (1-46)

'ic-'S onis-1

Adjutsted Adjuisted
FEk',, I FEI'I

198 1-77 (0-035) 103-9 (2-08)
92 1-66 (0n047)* 97-0 (281)*
104 1-62 (0-46)t 96-7 (2 75)*

Cooking frequency:
0-2 times a week 196 1-85 (0-030) 102-2 (1-69) 39 1-82 (0-068) 106-1 (4-06)
3-14 times a week 511 1-77 (0 019)* 99-0 (1-07) 192 1-62 (0-033)t 96-1 (1l99)*
>=15 times a week 301 1-75 (0 024)* 96-6 (1 35)* 163 1-61 (0 035)t 95 4 (2 09)*

All adjustments were made for area of residence, flat size, employment status, and variables in the table as appropriate
*p<0 05; tp<0-01

would occasionally experience repeated subacute
"irritant bronchitis", and depending on the inten-
sity and duration of the exposure, some of them
might experience recurrent "chronic bronchitis"
more frequently.

Greater prevalences of breathlessness on exer-

tion and wheezing were also found to be associated
with passive smoking, and this was corroborated
by the lower level oflung function found in passive
smokers. It is also interesting to note that these
associations with passive smoking were con-

sistently shown in housewives who had never been
in paid employment. This clearly implicates
household exposure as a major source of passive
smoking among women in Singapore. In view of
the stringent legislative prohibition on smoking
already implemented in public places, including
places of work, the greater challenge for the
control of passive smoking lies in targeting the
home environment, for which legislative control is
impossible and public education is essential.

In this present study, a clear association with the
frequency of gas cooking was not found for
respiratory symptoms, except for breathlessness
on exertion. The latter was also corroborated by
the finding of lower lung function level in those
who frequently cooked by gas. The frequency of
gas cooking, however, may not reflect sufficiently
accurately the exposure to nitrogen dioxide to
serve as a good surrogate indicator, because of a

possible wide variation in natural and forced
ventilation in homes. By using the reported pres-

ence of heavy cooking fumes as an alternative
indicator of exposure, however, an increased
prevalence of respiratory symptoms was found to

be associated with frequent exposure to heavy
cooking fumes.

It is possible that this exposure reflects higher
nitrogen dioxide exposure from the use of gas

stoves because ofpoor ventilation, but at the same
time it may also reflect co-exposure to cooking oil
mists and other thermal combustion products of
cooking. Cooking oil (palm oil, peanut oil, and
other vegetable oils) and animal fats are com-

monly used in large quantities in Asian cooking
(especially Chinese wok cooking). These together
with spices and chillies (Indian and Malay
cooking) produce oil mists and pungent fumes
that may irritate the mucous membranes when
food is being prepared (typically under high
temperatures). The effect on lung function using
this exposure indicator is not so clearly shown,
although among housewives, lower lung function
in those with frequent exposure to heavy fumes
was observed with borderline statistical signi-
ficance.

It is possible that interviewee bias played a role
in explaining the greater symptoms prevalence in
those who reported heavy fume exposure. How-
ever, the lung function effect observed in those
with high weekly frequency of gas cooking is not

likely to be explained by this bias.
These results agree with those from a small

number of investigations of adults that showed
positive associations between gas cooking and
respiratory symptoms-8 36 37 and lung
function. 17 30 Further studies are, however,
required to elucidate the precise role ofcooking oil
mists and organic fumes on the respiratory health
of Asian subjects. Nevertheless, it would seem

Table III Prevalence "
(no) and adjiusted rate
ratiO (95%* CI) (of
aIssociation between
respiratory svnmptomis and
Ieekl/v frequencyoZf gas
cooknilg bv nioni-smiioking
z..1))1iel
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prudent to recommend that public health
education for the protection of respiratorv health
should include adequate ventilatory measures to
reduce noxious exposure from gas stoves and
cooking fumes as much as possible.

This study was made possible by a research grant from
the National University of Singapore.
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