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Therefore we decided to study the influence of indoor nitrogen dioxide pol-

lution on respiratofy disease of primary choolchildren by using a case-control

approach. An advantage of a case-control approach is that fewer children are

nãðessary to obtain sufficient symptomatic children, compared to selection from

the geneial population, so that actually measuring NO2 inside the homes of the

complete study population becomes feasible.

Materials and methods

NO2 exposure could not be characterized accurately by the cooking fuel. Therefore we

and sex of the child' 
calculated to investigate
smoking, NO2 concentra-
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of borderline significance (p:0.05). This indicates that a matched analysis would be some-
what more sensitive. However, performing a matched analysis would result in a considerable
loss of data (23I-2x 81 :69 subjects). Therefore we decided on an unmatched analysis.

In the analysis, cases were defined as those who were symptomatic according to the
questionnaire as well as the School Health Service Data. Controls were those who were non-
symptomatic according to both classifications (cf. Results).

The first stage of the analysis involved simple Student's Êtests and cross-tabulations. Cor-
rection for confounders was achieved by a multiple regression analysis. In this analysis, the
presence or absence of a specified symptom was included as a binary response variable, i.e. a
dependent variable with only two possible values, absence (0) or presence (1) of the symptom.
Two kinds of regression models were developed: one in which all measured concentrations
were added to a model in which a number of confounders were already present; the other
involved addition of one (measured or estimated) concentration to the model of confounders.
In the latter case, regression coefficients were transformed into Odds-ratios and 907o con-
fidence intervals of Odds-ratios were calculated (Kleinbaum and Kupper 1978). The Odds-
ratio is an estimator of the relative risk, i.e. the chance for having a specified respiratory
symptom at a certain NO2 exposure, relative to the chance for having the symptom at one unit
of NO2 exposure less.

Results

In Table 1, measured nitrogen dioxide levels are presented. Levels inside the
house are higher than ambient levels, especially in the kitchen. The coefficient
of variation of the measurement was about 10% (based on duplicate samples).
Indoor nitrogen dioxide levels were higher than levels in the USA, lower than
in the UK and about the same as in another Dutch city and Japan (Goldstein et
al. 1979; Keller et aI. 1979; Elkins 1974; Nitta and Maeda 1982;Lebret et al.
1e83).

The agreement between the original definition of cases and controls (on the
basis of School Health Service data) and information from the questionnaire
was satisfactory (Table 2). However, the agreement was not enough to use only
the School Health Service (S.H.S.) information for classification as case or con-
trol. Our conclusion was therefore that the selection method used is useful in
obtaining symptomatic children but not in defining cases and controls without
additional information.

Figure 1 illustrates some of the difficulties if the present measured concen-
tration is used as measure of exposure of the children. Only in 34/o of the
homes did no changes in gas appliances take place. This number may be specific
for our population since it was concentrated in the older quarters of the city.

Table 1. Nitrogen dioxide, weekly average concentrations (pg/m') at different locations

Location Arithmetic Arithmetic Geometric Geometric
mean SD mean SD

Range Number

ho

Kitchen

Living room
Bedroom
Ambient

144.0

80.0

50.9

45.0

3.9

3.3

3.3

108.0

48.1

30.0

114.0

68.4

44.t

110-789

17-277

rÈ146 ì:

ri

a

'l

226

228

228
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T¡ble 2. Agreement between
original definition of cases

and controls and information
from questionnaire

Number
of symptoms
according to
questionnaire Case Control
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Fig.l. Changes in the population affecting nitrogen dioxide levels
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Table 3. Explanation of measured nitrogen dioxide levels by presence of gas appliances, using

multiple regression analysis

Conc. Model Cu Bb
Un-
vented
geyser

Bb
Vented
geyser

Bb
Cook-

Bb
Gas
heating
system

Bb
Ven-
tilation
hood

R2"
(%)(10 log)

pglm3 lng
fuel gas

Kitchen 1d

Living
room

Bedroom

2

1

)

1

2

t.322

t.823

t.365
t.694

t.514
t.5r4

0.442

0.441

0.258

0.255

0.247

0.247

0.092 1.38 0.127 N.S."

0.100 0.t24 0.088 -0.062

N.S. N.S, N.S. N.S

57

51

36

28

25

25)o

)o

u C : constant value in regtession analysis
b

c e of dependent variable explained by the model
d 5 independent variables eligible forincorporation into the model

2: model with unvented geyser only
" N.S. = not significant, p > 0.10

Tabte 4. Arithmetic mean nitrogen dioxide levels (¡rg/m3) for cases and controls, unadjusted

for confounders

Kitchen conc. Living room Bedroom conc. TWAUDependent
variable conc.

Cases Con-
trols

Cases Con-
trols

Cases Con-
trols

Cases Con-
trols

Cough 3
months

Breath-
lessness'

Wheezing

Bronchitis
Asthma

Symptom-
comb. lb

Symptom-
comb.5b

r37 148 89 80 5gd

59

59

59

59

59

59

46

46

46

48

48

80

80

80

80

72

72

74

78

76

89

78

82

148

148

148

148

t33

r33

135

r52
148

r4t
L39

t46

55 46"

48 46

49

68

59

63

59

67

63

63

49

48

51

51

u TWA = average exposure in kitchen, living room, bedroom taking into account time spent

in these locations
b S.C.1 : cases: at least one of the most severe symptoms asthma, 3-month cough, attacks of

breathlessness with wheezing; controls; none of severe symptoms and fewer than two less

severe symptoms. S.C. 5 = õases: one or more symptoms according to questionnaire; con-

trols: no symPtoms

" Student's /-test, p < 0.05
d Student's Êtest, p < 0.10
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Table 5. Relationship

Dependent variable

Cough 3 months
Breathlessness

Wheezing

Bronchitis

Asthma
Symptom-comb. 1

Symptom-comb.5

" Confounders
child

between respiratory symptoms and measured nitrogen dioxide

ORliving room conc.
(90% conf. limits)

OR-kitchen conc.b
(90% conf. limits)

0.60 (0.12-3.0)
1.05 (0.31-3.5)
1.4s (0.50_4.0)

1.16 (0.40_3.s)

r.29 (0.40_s.4)

1.87 (0.70_1.6)

1.29 (0.s0-3.3)

in model: bedroom heating, mother smoking,

J

7.97 (0.24-16.2)
t.Is (0.23_ r.7)
1.s7 (0.38_ 6.2)
0.e2 (0.20_ 4.2)
s.83 (0.70-34.e)
1.93 (0.50_ 7.3)
1.60 (0.s0_ 5.70)

home humidity, parental education,

levels, adjusted for a number of confounderso

ftr' nzd

7.s (0.84_s8) 48 24
1.0s (0.23_1s.0) 48 59
1.4s (0.37_ s.5) 48 76
1.24 (0.30_ s.Ð 48 7t
2.68 (0.4 _16.2) 48 32
7.6s (0.4 _ 6.2) 77 72
0.55 (0.2 _ 1.8) 80 m

parental respiratory symptoms, age and sex of

OR-bedroom conc
(90% conf. Iimits) 00A

I O* : Odds-ratio, i.e. relative risk due to an increase of the" nr: numberof controls
o zz : number of cases

10 log NO2 concentration with one unit

Table 6. Relationship between resplratory synptoms and estimated historical nitrogen dioxide e¡posure,
Dependent variable oRb-EH4b ll1

(90% conf. lim.)
ll2 oRb-EHgb

Cough 3 months
(90% conf.lim.)

0.05 (0.00_0.s7) 50 24 0.0e (0.04-15.7)Breathlessness o.se (0.0e_3.7)
Wheezing

50 60 0.86 (0.07_10.6)

Bronchitis
0.75 (0.10-4.1) 50 76 o.e4 (0.07_ 4.8)0.s3 (0.10_2.9) 50 82 1.s7 (0.20-74.0)Asthma 0.40 (0.0e-3.0)

Symptom-comb. 1 0.74 (0.10_3.0)
50 JJ 0.16 (0.01- 4.3)

Symptom-comb.5
78 t-t 0.65 (0.20- 3.3)0.44 (0.10-1.8) 81 90 0.47 (0.0e_ 2.8)

Confounders in model: bedroom heating, mother smoking, home humidity, parental education,child
OR : Odds-ratio, i.e. relative risk due to an incrilase of the 10 log NO2 concentration with one unit

a

c

adjusted for a number of confounders"

ll1 ll2

38 18

38 43

38 56
38 61

38 2l
60 52
62 67

parental respiratory symptoms, age and sex of

çJ;
oF
o
!0

EH4 : estimated historical exPosure last four years
hístorical exposure whole life of child
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with other investigations performed in the Netherlands (Lebret et al. 1983).

Therefore it was decided to estimate historical exposure in the kitchen only.
Exposure of 28% of the population (Fig.1) could not be estimated because

questions about the former house were asked only if the family had moved less

than four years ago. Table 4 shows arithmetic mean, nitrogen dioxide concen-
trations for cases and controls for some of the symptoms investigated. Virtually
none of the tested differences was statistically significant. In addition, there was

no trend in the data; in some comparisons, NO2 concentrations were higher in
the homes of controls, in others they were higher in the homes of cases. The
results of the multivariate analysis are shown in Tables 5 and 6. The Odds-ratios
were all adjusted for parents' respiratory symptoms, indoor humidity, parental
education, bedroom heating, numbers of cigarettes smoked by the mother and
age and sex of the child. None of the Odds-ratios were significantly different
from unity. The Odds-ratios for concentrations, measured in t982, however,
were mostly slightly above unity. This could be interpreted as a trend in the
expected direction (Table 5). Most Odds-ratios for historical exposure were, on
the contrary, below unity, which suggests the opposite. There is, however,
reason to believe that historical exposure, estimated in this way, is too inaccu-
rate to be of much use (cf. also Remijn et al. 1984).

Discussion

r*

No difference in indoor nitrogen-dioxide levels could be established between
cases and controls.

Selection bias may have occurred. There are weak indications that some
people refused to participate because they did not have any gas appliances in
their homes (which was mentioned in the information letter). Since more con-
trols than cases refused to participate, the average nitrogen dioxide level of the
controls may have been high compared to the general population of eligible
controls.

Another problem is the fact that many changes in factors affecting nitrogen
dioxide had occurred. Estimation of a historical exposure most probably was

not very accurate, since present nitrogen dioxide levels could not be well pre-
dicted by the presence of gas appliances. This also shows that by characterizing
exposure by the type of cooking fuel (gas vs electric) many misclassifications of
exposure will occur.

Our conclusion is that the present study does not suport an association be-
tween indoor NO2 exposure and respiratory symptoms in schoolchildren. Due
to the exposure classification problems mentioned above, it cannot reject the
possibility of an association either.
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