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Association between gas cooking and respiratory disease
in children
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Summary

A four-year longitudinal study of the prevalence of
respiratory symptoms and disease in schoolchildren and
related environmental and socio-economic factors is in
progress. We report results for the first year of this study
(1973).
A total of 5758 children aged 6 to 11 years from 28

randomly selected areas of England and Scotland were
examined. In an analysis of the effects on health of possible
indoor pollutants, boys and girls from homes in which
gas was used for cooking were found to have more cough,
"colds going to the chest", and bronchitis than children
from homes where electricity was used. The girls also
had more wheeze if their families used gas for cooking.
This "cooking effect" appeared to be independent of the
effects of age, social class, latitude, population density,
family size, overcrowding, outdoor levels of smoke and
sulphur dioxide and types of fuel used for heating. It was
concluded that elevated levels of oxides of nitrogen
arising from the combustion of gas might be the cause of
the increased respiratory illness.

Introduction

Respiratory disease is a major cause of childhood morbidity.
Episodes of respiratory disease have been said to predispose
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children to acute respiratory disease in early adulthood,1 which
may in turn predispose them to later chronic respiratory
disease2-a major cause of morbidity and mortality among
older people in the United Kingdom.3 The burden of chronic
respiratory disease might be reduced if environmental hazards
known to be associated with acute respiratory disease in child-
hood were altered or removed.

Outdoor air pollution has been repeatedly shown to be related
to the prevalence of respiratory illness in children5 6 and our
data have suggested that the relationship may exist even at
relatively low levels of pollution.7 We examine here the relation
between respiratory illness and indoor air pollution arising from
cooking fuels. The two fuels predominantly used in the home
for cooking are electricity and gas. The former causes negligible
pollution, but the latter gives rise to a range of pollutants on
combustion.

Methods

This project was part of a larger study of the health and growth of
primary schoolchildren which started in 1972. Twenty-two employ-
ment exchange areas in England and six in Scotland were selected
from a total of 597 areas by stratified random sampling so that poorer
areas were proportionately better represented. Details of the sampling
method have been published elsewhere.8
The study population consisted of all children aged 6 to 11 in

selected primary schools within each of the 28 areas who were followed
up in 1973. During this year questions on respiratory illness and the
type of fuel used for cooking in the home were added to the question-
naire. Out of 9128 white children seen in 1972 7851 were re-examined
in 1973 (860",,).

Information about respiratory symptoms experienced during the
previous 12 months and episodes of bronchitis and asthma was
requested in a self-administered questionnaire completed by the
children's parents or guardians.; The question about the cooking
fuel used at home was: Do you cook by electricity, gas, coal, other
(if other, please specify) ? There was a similar question for the main
fuel used for heating and other questions to elicit socioeconomic
information. The children were classified according to their fathers'
occupations into the six social class groups defined by the Registrar
General.9 No questions were asked about parental smoking habits.

Outdoor smoke and sulphur dioxide (SO2) were sampled over
24-hour periods at or near the study schools in 10 of the areas, using
the daily smoke/SO2 sampler.10
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Of the 7851 children 214 were excluded from the analysis because

they came from homes in which coal or a mixture of fuels was used

for cooking. There was no information on cooking fuels for 890 of

the remaining 7637 children, which left 6747 children who came from

homes in which either electricity or gas only was used for cooking.

Data (on age, sex, social class and responses to all six questions on

respiratory symptoms and diseases) were complete for 5758 of these

children: 3204 lived in houses whfere electricity was used for cooking

and 2554 in homes where gas was used.

Results and comment

SIMPLE PREVALENCES

In each case the prevalence of each respiratory symptom and disease

was higher in boys and girls from homes where gas was used (table I).

The differences in prevalence between the two groups of children were

significant (P <0-05) for bronchitis, day or night cough, and colds

going to the chest in both sexes and, in girls, for all other symptoms.

Prevalence rates were higher in boys than in girls.

COMPARISONS OF RESPIRATORY ILLNESS ALLOWING FOR RELATED FACTORS

The prevalence of symptoms and diseases in the children was

greater in the lower than in the upper social classes and declined with

age. Since the proportion of children in social classes I, II, and III

(non-manual) was higher among those from homes where electricity

was used for cooking (table II) and there were minor differences in

age between the two groups of children, it was important to allow

for the effect of these factors in the analyses. Moreover, the analysis

shown in table I did not take into account the fact that some children

had more than one symptom or disease. Fortunately a new computer

package-GLIM (Generalised Linear Interactive Models)-which

has a facility for fitting log-linear models" to frequency data has

become available. These models are particularly suitable for analysing

the relation between a set of factors and a categorical response when

the response cannot be sensibly represented on a quantitative scale.

This is a considerable advantage over more commonly used methods,

which require the construction of a score, with associated assumptions

of normality and the necessity for intervals on the scale to have some

quantitative interpretation.

To carry out this analysis we prepared a set of response categories

using histories of bronchitis, colds going to the chest, and the three

symptoms (day and night cough, morning cough and wheeze).

Children reported to have asthma were excluded from the analysis.

Although the analysis technique did not require it, we used a sequence

of categories related to increasing severity of respiratory illness to

simplify the interpretation. Because there was no obviously correct

way of doing this we chose the simplest. A count of the positive

responses to the five questions on symptoms and diseases was used
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to define the following four categories: (1) no symptom or disease;

(2) one symptom or disease; (3) two symptoms or diseases; (4) three

or more symptoms or diseases.

Since the prevalence of symptoms and disease differed between the

sexes, boys and girls were analysed separately. Within each sex the

children were divided into eight subgroups, according to social class

(III (non-manual) or above; or class III (mianual) or below); age

(below 8 years; or 8 years and over); and the type of cooking fuel used.

Within each subgroup the distribution of the children among the four

categories of respiratory illness was determined (table III). These

distributions for all the subgroups were then analysed using the log-
linear model facility in the general linear model-fitting program"1 to

test whether there were systematic and consistent differences between

them related to social class, age, or types of fuel. This technique had

obvious advantages over the relative-risk approach, with its require-
ment that the response categories be compressed into a dichotomy,
with a consequent loss of information.

As expected, the analyses for both sexes showed that the proportion
in the more severe categories of respiratory illness was greater in the

lower social class group than the higher group (P <.0-03) and greater

for younger than for older children (P <0-01). An association between

greater severity of illness and the use of gas for cooking was also found

after allowing for the effects of social class and age (P <0-07 for boys;
P <0001 for girls). In other words, in the gas cooking groups the pro-

portion of children in the more severe illness categories increased at

the expense of those in the less severe categories. Thus if girls aged
under 8 years and from social class III (nsanual) or below are taken

as an example, I 1, of those from homes using electricity had two

or more diseases or symptoms compared with 1 6",, of those from homes

using gas.

Effects due to latitude and the degree of urbanisation might also

have biased the results, so the analysis was extended to include these

factors. To represent latitude the areas were grouped into three

regions: Scotland, England north of the line joining the Bristol

Channel to the Wash, and England south of this line. Urban and rural

areas were defined according to whether they had a population density
above or below 20 people/hectare. As this extended analysis was too

large for our computer facility, urban and rural areas were analysed

separately and the respiratory illness categories 3 and 4 combined

into one. This also helped to ensure adequate numbers in each cate-

gory within the 40 subgroups.

Allowing for the effect of these factors in the analysis made no

difference to the direction of the relationships of illness severity with

age and social class, although the associations did not always reach

statistical significance. A relation with latitude did emerge, but this

seemed to depend on the degree of urbanisation. For rural areas there

was some evidence, confined to girls, that there was more illness in

southern England. For urban areas, on the other hand, the proportion

of children in the more severe categories was highest in northern

England and lowest in the south (P <0 001 for boys; and P <0 005 for

girls). This finding is difficult to explain simply, although it could be

argued that latitude has no effect in rural areas-that is the significant

result for the girls was a chance one, while in the urban areas the

TABLE i-Prevalence (%0') of respiratory symptoms and diseases duri'ng last 12 months i'n boys and girls accordi'ng to type of fuel used for cooking i'n the home

Boys Girls
Symptomand dseasesElectricity Gas P* Electricity Gas P

Bronchiti s.3.1 57 <0-001 2-0 4.7 <0-001
Day or night cough' 5.8 8-5 <0-007 3 9 8-7 <0-001
Morningcough.3.0 4-3 <0-07 2-0 4-1 <0.001
Colds going to chest 23.0 26-8 <0-02 19-8 24.1 <0-006

Wheeze.10-3 11-2 0O5 5.7 8-6 <0.005
Asthma.1-8 2-7 v02 1-0 1-6 0-2

No ofchildren.1648 1274 1556 1280

*Probability value for difference hetween prevalence rates, -/2 test.

TABLE si-Distribution of social class in each cooki'ng group

Social class: I

No (0.) in electricity group .. 151 (4-7)
No (0)in gas group . .. 83(3-2)
No (%/0) of children (total) .. .. 234 (4-1)



TABLE iI-Percentage of boy and girls classified by respiratory illness category, social class, age, and type offuel used for cooking in the home

Social classes I-III (non-manual) Social classes III (manual)-V
Respiratoryv _ __

illness <8 years >8 years <8 years 8 years
categorv ________________________________________ _____

Electricity Gas Electricity Gas Electricity Gas Electricity Gas

Boys
1 74-4 73 9 79-2 76-7 70 1 62-5 75-0 71-0
2 15 8 14 8 13-1 15-9 17-6 21-3 15-7 17-7
3 5-9 9-0 5-2 3-2 6-9 8-4 55 63
4 39 23 2-5 4-2 5-4 7-8 3-8 5-0

Total+ 100 (203) 100 (88) 100 (365) 100 (189) 100 (375) 100 (309) 100 (675) 100 (654)

Girls
1 77-8 69-6 81 9 80-8 68 2 66 5 82-2 72-2
2 15-8 17-9 14 2 14-4 21-1 17 5 12-3 18-2
3 4 1 8-9 26 3-7 74 6-8 3-7 6-9
4 2-3 3 6 1-3 1-1 3-3 9-2 1-8 2-7

Total+ 100 (171) 100 (112) 100 (303) 100 (187) 100 (393) 100 (337) 100 (674) 100 (623)

*See text. +Numbers of children are given in parentheses, but they do not add up to 5758 as asthmatics have been excluded.

effects followed the pattern one might have expected given the more

intense industrialisation of the north.
The association between the distribution among the respiratory

illness categories and the type of cooking fuel was still apparent even

after these extra factors were taken into account. The proportion of
children with more than one disease or symptom was still higher among
those from homes where gas was used for cooking. But this association
was significant only for girls in urban areas (P 0-03), though the
trend was in the same direction for both sexes in urban and rural areas.
In fact for the girls in rural areas and the boys in urban areas the
association was not far from significance (P --- 0 IO).
Although we allowed for the effects of latitude and degree of

urbanisation by classifying the areas into six groups it was still
possible that some of the cooking effect could have been explained
by the differences between the areas within each group. As it was
impractical to divide the children into still more sub-groups we ex-

panded the area groups to 28 at the expense of the respiratory illness
categories, which were reduced to two (those with and those without
symptoms or diseases). Using a logistic transformation of the propor-
tion of children in the illness categories as the outcome variable, we

obtained very similar results to our first log-linear model analysis.
After allowing for the effects of social class, age, and area there was a

significant association of symptoms and diseases with the use of gas
for cooking in girls (P <0 05), and, although the effect did not reach
significance in boys (P 0-30), it was in the same direction.
We also considered other factors that might have affected the

comparisons, such as the number of siblings, overcrowding in the
home, fuels used for heating and atmospheric smoke and SO, levels.
Data for these variables were, however, missing for many of the
children, so only very small numbers remained within the necessary

subgroups. Thus the results from these analyses were not so con-

clusive and will need confirmation by study of the more complete data
now being collected. None the less, when these factors were taken
into account, the proportion of children with one or more respiratory
symptoms or diseases remained higher in both boys and girls from
homes where gas was used. This approached significance in girls
(P z0-10) but not in boys.

Discussion

We have shown that children from homes where gas is used
for cooking have a higher prevalence of respiratory symptoms
and disease. This may be due to pollution of the indoor atmos-

phere by the products of gas combustion, but other factors
associated with gas cooking and respiratory disease may still
underlie the findings. So far as possible we have made allowances
for most of the obvious factors. Although the grouping of
social class which we had to use was rather broad, the differences
in the use of electricity and gas between the social class groups

were quite small (table II). On the other hand, we could not
include family smoking habits in the analysis, but the known
relation between smoking and social class"3 has allowed us to

avoid at least some of the potential bias from this source. It

seems unlikely that within our social class groups there was a
higher prevalence of smoking in homes where gas was used for
cooking.
The main constituents in the emissions from a gas cooker are

N,, 0.,, CO., and water vapour, with small amounts of CH4,
C2H4, and other hydrocarbons, CO, NO, NO,, and various
aldehydes. Other pollutants, such as HF, HC1, and HBr, can
be formed as a result of residual aerosol spray vapours in com-
bustion air passing through the flame on the cooker.

ReportS14 15 indicate that the concentrations of oxides of
nitrogen emitted from gas cookers are above those recommended
in the US Primary Air Quality Standards'6 and Emergency
Episode Criteria Guidelines.'7 The maximum level recommended
for the annual arithmetic mean is 0 05 ppm, and the alert levels
for the 24-hour and one-hour averages are 0 15 ppm and 0 6 ppm
respectively. Derwent and Stewart'4 have reported that the
concentrations of oxides of nitrogen taken as a whole that are
emitted from a gas cooker range from 8 to 33 ppm. Wade et al's
found that over a two-week period the average concentration of
NO., in kitchens where a gas cooker was used was over 0 05 ppm,
the maximum recommended ambient level. They also showed
how the concentration in different parts of the home fluctuated
with the use of the cooker, and reached average levels of over
0-15 ppm for two hours in the kitchen.

Little has been published about the effects of these gases on
human health. Reports of human exposure have been confined
to agricultural and industrial accidents, in which adults have
been suddenly exposed to very high levels of NO and NO2,
with resulting extensive pulmonary oedema. These levels were
much higher than those emitted by gas cookers.'8 t9

Information on the effects on health of low-level exposure to
NO andNO has come from animal and epidemiological studies.
Mice have been shown to have an increased susceptibility to
infection by Klebsiella pneumoniae when first exposed to con-
centrations of NO, of 3-4 to 25 ppm20 for about two hours.
Shy et al, reporting some of the Community Health and
Environmental Surveillance System studies,2" attributed a
modest decrease in the respiratory function of children aged 7-8
to exposure to a yearly average concentration of outdoor NO2
of 0-08 ppm. Their measurements of NO, have since, however,
been shown to be highly correlated with SO, concentrations,
and the effects of the two pollutants could not be separated."
We have found only one report of studies similar to ours, which
were carried out in families living in a suburb of Columbus,
Ohio, and on Long Island, New York." In contrast to our
findings, the authors found no association between respiratory
disease and the use of electricity or gas for cooking.

SO., is also given off during the burning of gas and is poten-
tially harmful to health. But the sulphur content of gas is legally
limited and the levels of SO. produced are likely to be very much
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lower than those currently believed to have adverse effects on
health. Thus it seems unlikely that this pollutant would have
caused our findings.

Possibly the combustion products of coal gas and natural gas
differ in some relevant way. We could not separate the effects
of the two types of gas because most of the study areas under-
went a changeover from town to natural gas during 1973, and
the children were exposed to the products of combustion of
both gases.
The relation between gas cooking and respiratory disease

seems to be stronger and more consistent for girls than for boys,
as would be expected if girls spent more time in the family
kitchen. If this is the case, and the difference between the sexes
is purely the result of differing exposure, it seems likely that
increased ventilation might be sufficient to dispel any risk.

Nevertheless, detailed research is required to determine
whether the relation we have found is really due to a direct
effect of the products of gas combustion on the respiratory
tract before more complicated measures for the protection of
health are considered.

We thank Professor Holland as initiator and director of the study
for his advice; the trained fieldworkers from St Thomas's Hospital;
other members of the study team; and the nurses, teachers, and other
assistants in the study areas. We also thank Mr Robert Waller from
the MRC Environmental Hazards Unit at St Bartholomew's Hospital
Medical School and Dr Stuart Reed from the Scientific Department,
County Hall, London for reading the manuscript and giving valuable
advice.

References

'Colley, J R T, Douglas, J W B, and Reid, D D, British Medical oiirnal,
1973, 3, 195.

2 Reid, D D, and Fairbairn, A S, Lancet, 1958, 1, 1147.

3 Office of Population Censuses and Surveys, Stuidies on Medical and
Population Subjects No 26, Morbidity Statistics from General Practice.
London, HMSO, 1974.

4Office of Population Censuses and Surveys, Registrar General's Statistical
Review of England and Wales for 1973, Part I, Tables, Medical. London,
HMSO, 1975.

5 Douglas, J W B, and Waller, R E, British Journal of Preventive and Social
Medicine, 1966, 20, 1.

6 Holland, W W, et al, British Medical Jourtnal, 1969, 2, 205.
7 Irwig, L, et al, Recent Advances in the Assessment of the Health Fffects of

Environmental Pollzution, Symposiuim Proceedings, vol 1, p 289. Luxem-
burg, Commission of the European CommLnities, 1975.

8 Altman, D G, and Cook, J, Proceedings of the Royal Society of Medicine,
1973, 66, 696.

9 Office of Population Censuses and Surveys, Registrar Gcneral's Classifications
of Occupations, 1970. London, HMSO, 1970.

) Warren Spring Laboratory, National Survcy of Smnoke and Sutlphut Dioxide
Instruction Mantual. Stevenage, Warren Spring Laboratory, 1966.

Plackett, R L, Analysis of Categorial Data. London, Charles Griffin, 1974.
12 Nelder, J A, Applied Statistics, 1974, 23, 323.
:' Tobacco Research Council, Statistics of Smoking in the United Kingdom,

Research Paper 1, 7th edn. London, Tobacco Research Council, 1976.
Derwent, R C, and Stewart, H N M, Atmospheric Environmnent, 1973, 7,

385.
'; Wade, W A, Cote, W A, and Yocom, J E, Journal of the Air Polluition

Control Associationi, 1975, 25, 933.
US Environmental Protection Agency, Federal Register, 1971, 36, No 84,

Part II, p 8187.
27 US Environmental Protection Agency, Federal Register, 1971, 36, No 158,

Part II, p 15503.
1 Becklake, M R, Goldman, H I, and Freed, C C, Anmerican Reviewe of

Tuberculosis and Pulmonary Disease, 1957, 76, 398.
9 Grayson, R R, Annals of Internal Medicine, 1956, 45, 393.
20 Purvis, M R, and Ehlich, R,J_7ournal of Infectiouis Disease, 1961, 109, 238.
21 Shy, C M, et al, Archives of Environmnental Health, 1973, 27, 124.
22 Warner, P 0, and Stevens, L, Recent Advances in the Assessnment of thc

Health Effects of Environmnental Pollution, Symzposium Proceedintgs, vol 1,
p 1001. Luxemburg. Commission of European Communities, 1975.

23 Mitchell, R I, et al, Recent Advances in the Assessmient of the Health Effects
of Environmental Polluition, Symposium Proceedings, vol 2, p 47.
Luxemburg, Commission of European Communities, 1975.

(Accepted 8 June 1977)

Dextrostix-Eyetone in the insulin hypoglycaemia test

M A PREECE, R G NEWALL

British Medical Journal, 1977, 2, 152-154

Summary

The Ames Dextrostix-Eyetone system was evaluated for
monitoring the blood glucose concentration during
insulin-induced hypoglycaemia. The results agreed well
with laboratory values for plasma glucose, obtained by
an orthotoluidine method, and the method was prac-
ticable as a bedside technique. In two cases quick results
obtained with the Eyetone enabled the insulin tolerance
test to be interrupted to prevent severe hypoglycaemia
before the clinical indications were obvious. The extra
time and effort required were minimal, and its value
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seems to far outweigh the disadvantage of the extra work
entailed. Nevertheless, care in using the system was
important, and the operator must familiarise himself
with the system before the most reliable results can be
obtained.

Introduction

The best validated test of pituitary growth hormone (GH)
release in man is the insulin tolerance test (ITT), which allows
GH and ACTH production by the pituitary to be assessed
simultaneously.' The test is especially useful as thyrotrophin-
releasing hormone (TRH) and gonadotrophin-releasing hormone
(GRH) may be given at the same time so that prolactin and
gonadotrophin secretion can be assessed simultaneously.
Adequate hypoglycaemia must be achieved before the ITT

can be considered to be satisfactorily completed. Hypoglycaemia
is generally recognised from the clinical signs (such as sweating)
and, retrospectively, by seeing that the plasma glucose con-
centration has fallen by at least 500O from the fasting value
and is below 2-8 mmol/l (50 mg/100 ml) at the nadir. Because
of this and of the danger of severe hypoglycaemia, especially
in young children, there have been extensive searches for other


