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ABSTRACf: Effects of indoor pollution exposure were evaluated in a 
general population sample (n=3,289) living in the Po River Delta area. 
Prevalence rates of chronic cough in men and dyspnoea in women were 
significantly higher In association with the use of bottled gas (propane) for 
cooking Instead of natural gas (methane). Chronic cough and phlegm In 
men and dyspnoea In women were significantly associated with the use of 
a stove for heating. When combining type of heating and fuel used, in 
men a trend toward higher prevalence rates of chronic cough and phlegm 
was shown in those with stove or fan heating (regardless of the fuel); in 
women the trend reached statistical slgniflcance for dyspnoea. The rela
tionship between stove (regardless of fuel) and decrease In forced 
expirograms was statistically significant only in women. In multiple logis
tic models, accounting for independent effects of age, smoking, 
pack-years, parents' smoking, socio-economic status, body mass index, 
significantly increased odds ratios were found In males for the associations 
of: boUied gas for cooking with cough (1.66) and dyspnoea (1.81); stove for 
heating with cough (1.44) and phlegm (1.~9); stove fuelled by natural gas 
and fan or stove fuelled other than by natural gas with cough (1.54 and 
1.66). In females, significantly Increased odds ratios were found only for 
dyspnoea when associated with bottled gas for cooking (1.45), stove for 
beating (1.46), stove fuelled by natural gas (1.58), stove or fan fuelled other 
than by natural gas (1.73). Even If the exposure was assessed only by 
questionnaire, our results Indicate that using fuels other than natural gas 
and heating appliances other than central heating may be related to mild 
adverse health effects in a general population sample. 
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In the last ten years an increasing amount of work has 
been devoted to the health effects of indoor pollution. It 
has been recognized that, on average, people spend most 
of their time inside and a lot of pollutants can be detected 
in the various rooms of a house, especially in kitchens 
[1-4). However, not many epidemiological surveys have 
investigated these effects, especially in Europe. 

to gas stove usage in the USA and in the Netherlands 
[12-14]. 

Effects of nitrogen dioxide (N0
2

) have been 
investigated in children [5-9}: the use of gas for cooking 
or heating was associated with increased prevalence rates 
of cough, wheezing, acute respiratory infections, history 
of respiratory illness before age 2 yrs and rate of hospi
talization. The use of gas was also associated with slight 
or no reduction in forced expiratory volume in one sec
ond (FEV1) [6-llJ. In adults, increased prevalence rates 
of chronic cough and phlegm and reduced FEY/forced 
vital capacity (FVC) ratios have been found to be related 

Space (forced air) heaters, especially those using kero
sene, may be the source of carbon monoxide (CO) 
indoors, which may be related to coronary artery disease, 
peripheral vascular disease and chronic obstructive 
pulmonary disease [1, 2, 15]. These heaters also produce 
high levels of N0

2
, sulphur dioxide ($0

2
), and 

particulates. 
Although measurements of pollutant concentrations are 

recommended [1, 2], such measurements are neither easy, 
nor sufficiently inexpensive to be applied in large scale 
epidemiological surveys. Thus, most published reports 
are based on the assessement of exposure by 
questionnaire. 

On this basis we have analysed the data of the first 
large scale epidemiological survey in Italy [16-19), 
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originally planned to assess the health effects of outdoor 
air pollution from a large oil-bumjng central power plant. 
The aim of the present report is to evaluate if the fuel for 
cooking or for heating, as well as the kind of heating, are 
associated with increased prevalence rates of respiratory 
symptoms or impaired lung function in a genera l 
population sample. 

Material and methods 

A randomized, stratified fami ly cluster sample 
(n=3,289) of the general population aged 8-64 yrs living 
in the unpolluted rural area of Po River Delta (Northern 
Italy) has been enrolled in a longitudinal epidemjological 
survey. The first cross-sectional survey was carried out 
before the start of operation of the power plant (1982). 
The second survey is currently in progress. Sampling 
methods, population characteristics, questionnaire, and 
lung funct ion tests in normals and in symptomatic 
subjects, were fully described elsewhere (16-19]. 

Briefly, each subject completed an interviewer
administered questionnaire, modified by the Italian 
National Research Council, from that of the American 
National Heart and Lung Institute (now NHLBI). For 
children under 10 yrs, the answers were provided by the 
mothers; over 10 yrs, each subject answered personally. 
The following symptoms were considered for analysis: 
chronic cough and phlegm, if the subject coughed (or 
had phlegm) for as much as three months of the year for 
at least two years; wheeze or attacks of shortness of 
breath with wheeze (SOBWHZ), apart from common 
colds; dyspnoea on exertion, if the subject had shortness 
of breath when hurrying on level ground or walking up 
a slight hill. Asthma was evaluated if the diagnosis was 
reported as being confirmed by a physician. There were 
insufficient diagnoses of emphysema or chronic bronchi
lis to analyse. 

Other questions related to lhe home environment: 
a) What kind of heating do you have at home: 1. fan; 2. 
central heating; 3. stove; 4. none. If there is heating, a1) 
What is the main fue l you use for heating: 1. natural gas; 
2. bottled gas; 3. electricity; 4. kerosene; 5. wood; 6. coal 
or oil ; 7. others. 
b) What is the main fuel you use for cooking: (the same 
possible answers as a1, except kerosene). 

Of 3,091 subjects with information on cooking fuel , 
83% used natural gas (N), 16% bottled gas (B) and 1% 
wood. Regarding the 3,087 with beating fuel informa
tion, 80% used natural gas, 10% coal or oil (C), 6% 
kerosene (K), only 2% used wood, 1% bottled gas and 
less than 1% electricity. Regarding the 3,083 with 
information on kind of heating, 72% used central heating 
(C), 24% stove (S) and only 4% fan (forced air) (F). The 
different sources of indoor pollution were significantly 
interrelated, as expected: for instance, among those 
using natural gas or coal/oil for heating, 75% and 97% 
had central heating, while, among those using kerosene 
or wood, 88% and 73% had stove. In addition, 94% of 
those using natural gas for cooking used the same fuel 
for heating; 52% and 33% of those using bottled gas bad 
coaVoil or kerosene for heating. We have eliminated from 

the analyses the classes with too few subjects and, for 
simplicity, we do not report here the analyses on fuel for 
heating per se. 

Ninety four percent of subjects succeeded in perform
ing acceptable forced vital capacity and derived indices 
(FEY s> peak flow (PF), forced mid-expiratory flow 
(FEFl.S- ;J, maximal expiratory flow at 50% and 25% 
expired volume (MEF,0, MEF7J respectively). The 
values were expressed in % predicted using reference 
equations derived from normals within the sample [17). 

Statistical analyses were performed partly on the 
University of Pisa Computer System (CNUCE, IBM 
3081), partly on a Personal Computer (PC-AT) at the 
University of Arizona, using the routines of the Statistical 
Package of the Social Sciences (SPSS). The Chi squared 
distribution was used to assess the differences in symptom 
prevalence rates and analysis of variance (ANOVA and 
ONEWAY with Duncan's multirange test) was used to 
evaluate the differences in mean values of lung function 
test. A p value of 0.05 was accepted as statistically 
significant, even with multiple comparisions, since we 
considered it worthwhile not to increase the probability 
of false negative results (i.e. type Il or beta error) in a 
screening process (20). To account for the independent 
effects of different risk factors in determining respiratory 
symptoms, multiple logistic regression models in each 
sex were used, with continuous variables (age, pack-years) 
and categorical variables: smoking (0 = never, 1 = ever 
smoker), socioeconomic status (SES) (0 = high-middle, 
1 = low SES), parents' smoking (0 = unexposed, 1 = 
exposed). When dyspnoea was analysed, another 
continuous variable was taken into account, i.e. body mass 
index (kg·m-2). For each symptom, logistic models were 
used in order to consider separately: a) the effect of fuel 
for cooking (0 = natural, 1 = bottled gas); b) the effect 
of type of heating (0 = central heating, 1 = stove or fan); 
c) the interaction of type and fuel for heating (0 =central 
heating fuelled by natural gas, 1 = central heating fuelled 
by bottled gas, kerosene, wood or coal/ oil, 2 = stove 
fuelled by natural gas, 3 = fan or stove fuelled by bottled 
gas, kerosene, wood or coal/oil). 

Results 

There were no significant differences among the various 
groups of indoor pollution for age, percentage of ever 
smokers and pack-years, either in adults or in young sub
jects. As expected, the presence of more polluting fuel 
for cooking and of a less modern heating device was 
significantly associated with a low SES: among those 
with bottled gas for cooking, 29% of male and 34% of 
female adults belonged to the low SES group, compared 
with 13% and 15% of those using natural gas; of those 
with stoves for heating, 28% of males and 30% of 
females had worse socieconomic conditions, in contrast 
to 12% and 15% of those using central heating. Similar 
figures were obtained when those under 20 yrs were 
analysed separately. 

Prevalence rates of respiratory symptoms, according to 
the use of different fuels for cooking, are shown in table 
1: adult males using bottled gas showed higher 
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Table 1. - Prevalence rates (%) of respiratory symptoms, by sex, age and cooking fuel 

Males Females 
Cooking fuel Cooking fuel 

8-19 yrs 20+ yrs 8-19 yrs 20+ yrs 
N B N B N B N B 

n 328 52 942 194 352 50 956 203 
Chronic cough 1 4 17 24* 3 6 5 
Chronic phlegm 3 2 17 22 3 2 5 3 
Wheeze 5 10 13 13 3 6 7 8 
SOBWHZ 5 2 5 5 3 6 4 6 
Dyspnoea 2 13 18 2 2 20 28• 
Asthma 6 10 5 7 5 8 4 3 

•: p<O.OS (by Chi squared). N: natural gas; B: bottled gas; SOBWHZ: attacks of shortness of breath with wheeze. 

Table 2. - Prevalence rates (%) of respiratory symptoms by sex, age, type of heating, and combination of type and fuel for 
heating 

Males 
Type of heating Combination of type and fuel for heating 

8-19 yrs 20+ yrs 20+ yrs 
c s c s C+N C+B/0 S+N F/S+B/0 

n 288 77 808 283 663 142 188 137 
Chronic cough 2 1 17 23* 16 22 22 21 
Chronic phlegm 3 3 17 22* 16 21 22 18 
Wheeze 6 1 13 15 13 11 15 14 
SOBWHZ 5 4 5 3 5 5 2 5 
Dyspnoea 2 14 13 13 17 12 18 
Asthma 7 5 5 4 5 6 3 7 

Females 
Type of heating Combination of type and fuel for heating 

8-19 yrs 20+ yrs 20+ yrs 
c s c s C+N C+B/0 S+N F/S+B/0 

n 278 106 837 285 687 147 192 130 
Chronic cough 3 4 5 7 5 5 8 5 
Chronic phlegm 3 2 5 5 5 2 5 5 
Wheeze 2 7• 6 9 6 9 9 7 
SOBWHZ 3 5 4 6 4 5 6 5 
Dyspnoea 0.7 6•• 20 28* 18 27 27 29 .. 
Asthma 5 5 4 6 4 3 7 3 

• •: p<0.01; •: p<O.OS (by Chi-squared). C: central heating; S: stove; C+N: central heating fuelled by natural gas; C+B/0: central heating 
fuelled by bottled gas, kerosene, wood or coaVoil; S+N: stove fuelled by natural gas; F/S+B/0: fan or stove fuelled by bottled gas, 
kerosene, wood or coaVoil; SOBWHZ: attacks of shortness of breath with wheeze. 

prevalence rates of respiratory symptoms, statistically 
significant for cough, compared with those using natural 
gas; no significant difference was exhibited by those under 
age 20 yrs. Among females 20+ yrs, dyspnoea was 
significantly more prevalent in those using bottled gas. 

Cough and phlegm were also significantly more fre
quent among adult males using stoves (table 2). When 
considering the combination of type and fuel for heating, 
there was a trend (not statistically significant) toward 
higher prevalence rates of symptoms (except for wheeze 

and SOBWHZ) among those using fuels other than natu
ral gas, regardless of the kind of heating. Among females, 
dyspnoea and wheeze (only in those under age 20 yrs) 
were signif icantly more frequent in those using a stove 
for heating. Adult females using stoves or fans (regardless 
of fuel) and with central heating fuelled other than by 
methane had significantly higher prevalence rates of 
dyspnoea. T rends were similar when stratify ing by 
smoking or by SES, but cell sizes were too small to test 
hypotheses. 
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Table 3. - Significantly different lung function tests in females 20+ yrs by type of heating, and 
combination of type and fuel for heating 

Type of heating Combination of type and fuel for heating 

c s C+N C+B/0 S+N F/S+B/0 

n 784 253 642 139 174 114 
FEV

1 
99 97 98 101' 97 96• 

FEFJt7s 98 93 .. 97 102' 93 92•• 

ME~0 99 93 .. 98' 103' 94 93 .. 
ME 7S 97 94 96 104 94 95 
PF 100 97* 100 98 97 98 

• •: p<0.01; • : p<0.05 (by ANOV A, adjusting for age, pack-years and SES); ': p<0.05 (by Duncan's multi range 
test) in comparison to S+N and F/S+B/0; C: central heating; S: stove; C+N: central heating fuelled by natural 
gas; C+B/0: central heating fuelled by bottled gas, kerosene, wood or coal/oil; S+N: stove fueJJed by natural 
gas; P/S+ B/0: fan or stove fuelled by bottled gas, kerosene, wood or coal/oil; FEV 

1
: forced expiratory volume 

in one second; F.EF u-?s: forced mid-expiratory flow; MEF so and MEFn: maximal expiratory flow at 50% and 
25% expired volume, PF: peak flow; SES: socioeconomic status; ANOVA: analysis of variance. 

Table 4. - Relationship of respiratory symptoms to home environment characteristics; odds 
ratios and 95% confidence intervals estimated in logistic models 

Symptom 

Males 

Chronic 
cough 

Chronic 
phlegm 
Dyspnoea 

Females 

Dyspnoea 

Source of 
exposure 

B 

s 
S+N 

F/S+B/0 
s 

B 

B 
s 

S+N 
F/S+B/0 

OR (Cl) 

1.66 (2.4&-1.12) 

1.44 (1.98-1.04) 
1.54 (2.35-1.10) 
1.66 (2.65-1.04) 
1.39 (1.91-1.01) 

1.81 (2.85-1.15) 

1.45 (2.1~1.00) 
1.46 (1.9&-1.0.9) 
1.58 (2.34-1.07) 
1.73 (2.67-1.12) 

Confounders 
in the model 

Age, smoking, pack-years 

Age, smoking, pack-years 
Age, smoking, pack-years 
Age, smoking, pack-years 
Age, smoking, pack-years, SES 

Age, pack-yrs, SES (-), BMI 

Age, pack-years, BMI 
Age,BMI 
Age, pack-years, BMI 
Age, pack-years, BMI 

B: bottled gas (cooking); S: stove (heating); S+N: stove fuelled by natural gas; F/S+B/0: fan or stove 
fuelled by bottled gas, kerosene, wood or coal/oil; SES: socioeconomic status; BMI: body mass index; 
(-): negative coefficient in the model. 
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Lung function tests in adults were analysed using 
analysis of variance (ANOYA) among the different 
indoor categories, also taking into account the effects of 
covariates (age, pack-years, socioeconomic condition). 
In both sexes, age and pack-years always explained a 
significant part of the variance of lung function tests, 
whereas SES did not. In males, mean values of lung 
function indices were not significantly different in the 
various groups of home environment characteristics. 
Similar results were found in females for those using 
natural gas and those using bottled gas for cooking. 
Females with a stove had significantly lower values of 

FEF lS-?S' MEF so and PF than those with central heating 
(table 3). When considering the combination of type and 
fuel for heating, significantly different adjusted mean 
values were found among the four categories for FEY

1
, 

FEF2.S·?S and MEF,0• In order to assess which categories 
were significant, we performed analysis of variance 
(ONEWAY) with Duncan's multiple range test. Females 
with stoves fuelled by natural gas and those with stoves 
or fans fuelled by bottled gas, kerosene, wood or coal/ 
oil, showed significantly lower mean values of FEY

1
, 

FEFf5·?S and MEF,0 compared with those using central 
heatmg fuelled other than by natural gas. In addition, 
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they showed significantly lower mean values of MEFj0 
compared with those using central heating fuelled by 
natural gas. 

The results of multiple logistic models are shown in 
table 4. In males, bottled gas for cooking was signifi
cantly associated with higher odds ratios for chronic cough 
(1.66) and dyspnoea {1.81), with respect to natural gas. 
Use of a stove was significantly associated with higher 
odds ratios for chronic cough (1.44) and phlegm (1.39), 
with respect to central heating. When combining fuel 
and type of heating, significantly higher odds ratios for 
having chronic cough were found for use of stove fuelled 
by natural gas (1.54) and of fan or stove fuelled by bot
tled gas, kerosene, wood or coal/oil (1.66), with respect 
to central heating fuelled by natural gas. Regarding the 
confounders in the model, age, smoking and pack-years 
were always statistically significant, while SES was 
statistically significant for phlegm and, inversely, for 
dyspnoea. Body mass index reached the level of signifi
cance for dyspnoea. In females, significantly increased 
odds ratios were found only for dyspnoea when associ
ated with bottled gas for cooking (1.45), stove {1.46), 
stove fuelled by natural gas (1.58), stove or fan fuelled 
by bottled gas, kerosene, wood or coal/oil (1.73). In this 
case, age, pack-years and body mass index were 
statistically significant confounders. 

Discussion 

The results of these analyses on the effects of the 
various sources of indoor pollution in a large sample of 
a general population, living in a rural unpolluted area of 
North Italy, show that using a fuel different from natural 
gas for cooking and using a device different from central 
heating fuelled by natural gas may be associated with 
moderate adverse effects on the respiratory system. The 
effects appear more evident for symptom prevalence rates 
than for impaired lung function (only present in women). 
These results seem in accordance with most of the studies 
conducted in other European countries and in the USA, 
which have dealt mainly with gas cooking, regardless of 
the type of gas. In particular, gas cooking has been shown 
to be associated with a higher prevalence of respiratory 
symptoms/illnesses [5, 6, 8, 9, 11) and with marginally 
decreased lung function values [6, 7, 10] in children. In 
adults, associations with respiratory symptoms and, to a 
lesser extent, lung function impairment have been found 
[12-14, 21). However, some investigators [22] have found 
no adverse respiratory effects of gas cooking. 

The higher sensitivity of respiratory symptoms, 
compared to lung function tests is commonly found in 
studies assessing the effects of outdoor pollution [23, 
24] . DALES . et al. [24] have postulated two possible 
mechanisms: a biological effect of chronic exposure to 
low level air pollution on symptoms, without physio
lological changes, or an increased perception of symp
toms by people living in exposed areas. The latter 
mechanism is an unlikely contributor in exposure to 
indoor air pollution. In fact, the average knowledge on 
this matter is generally poor, especially in this rural area. 

It is also a possibility that indoor pollutants act more 
acutely on lung function, but these changes may be more 
transient than the occurrence of symptoms or may be 
present only in susceptible subjects. Thus, a continuous 
monitoring of lung function would be requested, rather 
than a cross-sectional investigation. For example, 
LEBOWITZ et al. [25], using peak expiratory flow 
measured daily for at least two weeks, found a negative 
effect of gas stove on the lung function of susceptible 
subjects (asthmatics, allergic individuals, smokers). 

Regarding the fuel used for cooking, we have found 
higher odds ratios for dyspnoea in both sexes and for 
cough in males using bottled gas (mixed propane) than 
in those using natural gas (methane). These findings were 
obtained after accounting for the effects of covariates 
such as age, active smoking, parents' smoking, SES and 
body mass index. Moreover, we have found higher odds 
ratios for cough and phlegm in men and for dyspnoea in 
women using stove (regardless of the fuel) for heating, 
after accounting for the same set of covariates in multiple 
logistic models. 

It is not the purpose of this study to speculate upon the 
underlying mechanisms in detail, due to the approximate 
estimate of indoor exposure accomplished by the 
questionnaire. However, apart from the possible 
differences between males and females in perceiving and 
reporting respiratory symptoms (which may explain why 
phlegm is generally a male characteristic and dyspnoea 
a female characteristic [19]), it is of note that inconsistent 
results are not unusual in the field of indoor pollution 
studies. For example, CoMsTOCK et al. [13] found an 
association between the use of gas for cooking and 
respiratory symptoms, as well as lung function, in men, 
but not in women. Recently, JEDRYCHOWSKJ et al. [26] have 
found a dose-response relationship of different symptoms 
such as dyspnoea, chronic cough and, especially, 
phlegm with time spent in the kitchen by elderly women. 
In addition, those investigators who have measured 
N0

2 
indoor [27] have found that it is measurable in 

all the rooms of a house and that sometimes its threshold 
limit value is also exceeded in the living room. Thus, 
it is a potential risk for all of the members of the 
household. 

As a possible explanation of our findings, we might 
hypothesize, on the one hand, that there may be a greater 
production of CO and N0

2 
by propane than by methane. 

In fact, bottled gas ovens are generally less efficient than 
those using natural gas, and they are not mandatorily 
checked by an official technician. On the other hand, an 
important role might be played by difference in climatic 
conditions (ventilation, humidity, temperature) produced 
by the different kinds of heating. It is of note that MEUA 
et al. [28] found in children a significant positive 
association between the prevalence of one or more res
piratory conditions and relative humidity. In addition, 
BRUNEKREEF et al. [29] have reported in children 
significantly increased odds ratios for cough, wheeze, 
asthma and other respiratory illnesses associated with at 
least one questionnaire indicator of home dampness. 

In conclusion, our results confirm that home environ
ment characteristics may be associated with mild adverse 
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health effects related to symptoms and, to a lesser extent, 
to lung function. Thus, they should be taken into 
account in multivariate analyses for factors affecting the 
natural history of chronic obstructive lung disease. 
Moreover, these findings would suggest the implemen
tation of air pollution monitoring studies in subsets of 
houses with different types of indoor environments, 
especially those inhabited by susceptible individuals 
(e.g. asthmatics, chronic bronchitics, allergic subjects, 
smokers), in order to evaluate the possibility of a 
dose-response relationship between home environment 
characteristics and respiratory symptoms and lung 
function. 

Acknowledgements: The authors thank the 
"Scientific Committee of the Porto Tolle Power 
Plant" who made it possible to plan and implement 
the study, C.J. Holberg, (University of Arizona) for 
revising the manuscript, and the hundreds of residents 
of the "delta del Po area", who participated in the 
study. 

References 

1. Samet JM, Marbury MC, Spengler JD. - State of Art: 
health effects and sources of indoor air pollution. Part I. Am Rev 
Respir Dis, 1987, 136, 1486-1508. 
2. Samet JM, Marbury MC, Spengler JD. - State of Art: 
health effects and sources of indoor air pollution. Part II. Am 
Rev Respir Dis, 1988, 137, 221-242. 
3. Lebowitz MD. -Health effects of indoor pollutants. Annu 
Rev Public Health, 1983, 4, 203-221. 
4. Spengler JD, Sexton K. - Indoor air pollution: a public 
health perspective. Science, 1983, 221, 9-17. 
5. Melia RJ, Florey C du V, Altman DG, Swan AV. -
Association between gas cooking and respiratory disease in 
children. Br Med J, 1977, 2, 149-152. 
6. Speizer FE, Ferris B Jr, Bishop YM, Spengler JD. -
Respiratory disease rates and pulmonary function in children 
associated with NO, exposure. Am Rev Respir Dis, 1980, 121, 
3-10. 
7. Ware JH, Dockery DW, Spiro A Ill, Speizer FE, Ferris 
BG Jr. - Passive smoking, gas cooking, and respiratory health 
of children Jiving in six cities. Am Rev Respir Dis, I984, 129, 
366-374. 
8. Dodge R. - The effects of indoor pollution on Arizona 
children. Arch Environ Health, 1982, 37, 151-155. 
9. Ekwo EE, Weinberger MW, Lachenbruch PA, Huntley 
WH. - Relationship of parental smoking and gas cooking to 
respiratory disease in children. Chest, 1983, 84, 662-()68. 
10. Hasselblad V, Humble CG, Graham MG, Anderson HS.
Indoor environmental determinants of lung function in children. 
Am Rev Respir Dis, 1981, 123, 479-485. 
11. Florey C du V, Melia RJW, Chinn S, Goldstein BD, Brooks 
AGF, John HH, Craighead IB, Webster X. - The relation 
between respiratory illness in primary schoolchildren and the 
use of gas for cooking. lll. Nitrogen dioxide, respiratory illness 
and lung function. /nr J Epidtmiol, 1979, 8, 347-353. 
12. Helsing KH, Comstock GW, Meyer MB, Tockman ML. -
Respiratory effects of household exposures to tobacco 
smoke and gas cooking on nonsmokers. Environ lnr, 1982, 8, 
365-370. 
13. Comstock GW, Meyer MB, Helsing KJ, Tockman MS. -
Respiratory effects of household exposure to tobacco smoke 
and gas cooking. Am Rev Respir Dis, 1981, 124, 143-148. 
14. Fischer P, Remijn B, Brunekreef B, Van der Lende R, 

Shouten J, Quanjer P. - Indoor air pollution and its effect on 
pulmonary function of adult nonsmoking women. II. Associa
tions between nitrogen dioxide and pulmonary function. lnt J 
Epldemiol, 1985, 14, 221-226. 
15. Berwick M, Leaderer BP, Stolwjik JA, Zagraniski RT. 
Lower respiratory symptoms in children exposed to N02 
from unvented combustion sources. Environ lnt, 1989, 15, 
369-374. 
16. Paoletti P, Viegi G, Pistelli G, Di Pede F, Fazzi P, Polato 
R, Saetta M, Zambon R, Carli G, Giuntini C, Lebowitz MD, 
Knudson RJ. - Reference equations for the single breath 
diffusing capacity. A cross-sectional analysis and effect of body 
size and age. Am Rev Respir Dis, 1985, 132, 806-813. 
17. Paoletti P, Pistelli G, Fazzi P, Viegi G, Di Pede F, Giuliano 
G, Prediletto R, Carrozzi L, Potato R, Saetta M, Zambon 
R, Sapigni T, Lebowitz MD, Giuntini C. - Reference values 
for vital capacity and flow volume curves from a general 
population study. Bull Eur Pllysiopatllol Respir, 1986, 22, 
451-459. 
18. Viegi G, Paoletti P, Di Pede F, Prediletto R, Carrozzi L, 
Pistelli G, Giuntini C. - Single breath nitrogen test in an 
epidemiologic survey in North Italy. Reliability, reference 
values and relationships with symptoms. Chest, 1988, 93, 
1213-1220. 
19. Viegi G, Paoletti P, Prediletto R, Carrozzi L, Fazzi P, Di 
Pede F, Pistelli G, Giuntini C, Lebowitz MD. - Prevalence of 
respiratory symptoms in an unpolluted area of Northern Italy. 
Eur Respir J, 1988, 1, 311-318. 
20. Rothman KJ.- Modern epidemiology. Little, Brown and 
Co., Boston, 1986, 147-151. 
21. Jones JR, Higgins ITT, Higgins MW, Keller JB. -
Effects of cooking fuels on lung function in nonsmoking women. 
Arch Environ Health, 1983, 38, 219- 222. 
22. Keller MD, Lanese RR, Mitchell RJ, Cote RW. -
Respiratory iJlness in households using gas and electricity for 
cooking. 11. Symptoms and objective findings. Environ Res, 
1979, 19, 504-515. 
23. Ware JH, Ferris BG Jr, Dockery DW, Spengler JD, Stram 
DO, Speizer FE. - Effects of ambient sulfur oxides and sus
pended particles on respiratory health of preadolescent children. 
Am Rev Respir Dis, 1986, 133, 834-842. 
24. Dales RE, Spitzer WO, Suissa S, Schechter MT, Tousignant 
P, Steinmetz N. - Respiratory health of a population living 
downwind from natural gas refineries. Am Rev Respir Dis, 1989, 
139, 595-600. 
25. Lebowitz MD, Holberg CJ, Boyer B, Hayes C. -
Respiratory symptoms and peak flow associated with indoor 
and outdoor air pollutants in the Southwest. J Air Pollut 
Control Assoc, 1985, 35, 1154-1158. 
26. Jedrychowski W, Tobiasz-Adamczyk B, Flak E, Mroz E, 
Gomola K. - Effect of indoor air pollution caused by domestic 
cooking on respiratory problems of elderly women. Environ 
Inrer, 1990, 16, 57-60. 
27. Remijn B, Fischer P, Brun·ekreef B, Lebret E, Boleij JS, 
Noji D. - Indoor air pollution and its effect on pulmonary 
function of adult non-smoking women: I. Exposure estimates 
for nitrogen dioxide and passive smoking./nt J Epidemiol, 1985, 
14, 215-220. 
28. Melia RJW, Florey C du V, Morris RW, Goldstein BD, 
John HH, Clark D, Craighead IB, Mackinlay JC. - Childhood 
respiratory illness and the home environment. ll. Association 
between respiratory illness and nitrogen dioxide, temperature 
and relative humidity. lnt J Epidemiol, 1982, 11, 164-169. 
29. Brunekreef B, Dockery DW, Speizer FE, Ware JH, 
Spengler JD, Ferris BG Jr. - Home dampness and respiratory 
morbidity in children. Am Rev Resplr Dis, 1989, 140, 
1363-1367. 



586 G. VIEGI ET AL. 

Effets de /'environment domestique sur les sympt6mes 
respiratoires et la fonction pulmonaire dans un echantil/on de 
la population generale de l'Italie du Nor d. G. Viegi, P. Paoletti, 
L. Carrozzi, M. Vellutini, L. Ballerin, P. Biavati, G. Nardini, F. 
Di Pede, T. Sapigni, M.D. Lebowitz, C. Giuntini. 
RESUME: Les effets de la pollution domestique ont ete evalues 
dans un echantillon de population generate (n=3289) vivant 
dans le delta du PO. Les taux de prevalence de toux chronique 
chez les hommes et de dyspnee chez les femmes s'av~rent 
significativement plus eleves en cas d'association avec 
!'utilisation de gaz en bonbonne (Propane) pour la cuisine, au 
lieu de gaz nature! (methane). La toux chronique et 
!'expectoration chez les hommes, et la dyspnee chez Ies femmes, 
sont associees de fa~n significative A l'emploi de poeles pour 
le chauffage. En combinant le type de chauffage et le com
bustible utilise, chez les hommes on note une tendance vers des 
taux de prevalence plus eleves de toux chronique et de crachats 
chez ceux qui emploient les poeles ou les ventilateurs pour le 
chauffage, que! que soit le comburant utilise; chez les femmes, 
la tendance atteint une signification statistique pour la dyspnee. 
La relation entre le poele (independamment du comburant) et 
la diminution des expirogrammes forces n'est statistiquement 
significative que chez Ies femmes. Dans Ies modeles logistiques 

multiples, prenant en compte les effets independants de !'age, 
du tabagisme, du nombre d'annees-paquet, du tabagisme paren
tal, de l'etat socio-economique, de !'index de masse corporelle, 
on trouve des rapports de risques accrus de mani~re significative 
chez les hommes pour !'association avec l'emploi de gaz en 
bonbonne pour la cuisine avec la toux (1.66) et la dyspnee 
(1.89), de l'emploi de poeles pour le chauffage avec la toux 
(1.44) et les crachats (1.39), et enfin de l'emploi de poeles 
approvisionnes par le gaz nature! et de ventilateurs ou de poSies 
approvisionnes par des gaz autres que naturels avec la 
toux (1.54 et 1.66). Chez les femmes, des ratios de risques 
accrus ne son! deceles que pour la dyspnee en association avec 
l'emploi de gaz en bonbonne pour la cuisine (1.45), de poeles 
pour le chauffage (1.46), de poeles approvisionnes par le gaz 
nature! (1.58), de poeles ou de ventilateurs approvisionnes par 
des gaz autres que Ies gaz naturels (1.73). Meme si !'exposition 
a ete appreciee seulement par questionnaire, nos resultats 
indiquent que !'utilisation de combustibles autres que le gaz 
nature! et de techniques de chauffage autres que le chauffage 
central, peuvent etre en relation avec des effets sante 
defavorables, mais peu marques, (dans un echantillon de popu
lation generale ). 
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