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Abstract
Objectives-To examine whether road traffic in a

big city has a direct effect on pulmonary function and
respiratory symptoms in children.
Design-Cross sectional study.
Setting-Of all 7445 fourth grade children (aged 9-

11 years) in Munich, 6537 were examined. Of the
children with German nationality and the same
residence during the past five years and known
exposure data, 4678 questionnaires and 4320
pulmonary function tests could be analysed.
Main outcome measures-Variables ofpulmonary

function by forced expiration and respiratory symp-
toms reported in a questionnaire; census data on car
traffic collected in the school district.
Results-Density of car traffic ranged from 7000

to 125 000 cars per 24 hours. Multiple regression
analysis ofpeak expiratory flow showed a significant
decrease of0x71% (95% confidence interval 1x08% to
0.33°/o) per increase of 25 000 cars daily passing
through the school district on the main road. Maxi-
mum expiratory flow when 25% vital capacity had
been expired was decreased by 0.68% (1.11% to
0.25%). In contrast, response to cold air challenge
was not increased. The adjusted odds ratio for the
cumulative prevalence of recurrent wheezing with
the same exposure was 1-08 (1.01 to 1-16). Cumula-
tive prevalence ofrecurrent dyspnoea was increased,
with an odds ratio of 1 10 (1.00 to 1.20). Lifetime
prevalence of asthma (odds ratio 1-04; 0-89 to 1.21)
and recurrent bronchitis (1.05; 0-98 to 1.12) were not
significantly increased.
Conclusions-High rates of road traffic diminish

forced expiratory flow and increase respiratory
symptoms in children.

Introduction
The effects ofboth indoor and outdoor pollutants on

health are of great public interest. Several studies
have confirmed an association between both outdoor
air pollutants1' and indoor pollutants" and respiratory
health. With increasing motorisation throughout the
world the emission of potentially hazardous substances

is increasing. One main source of outdoor air pollution
is road traffic, which produces a mixture of volatile
hydrocarbons, airbome particles, nitrogen oxides, and
carbon monoxide. 101' As there are only a few reports of
the effects on respiratory health of car exhaust fumes
we examined census data on cars in relation to respira-
tory symptoms and pulmonary function in children. In
Munich air pollution is caused primarily by car exhaust
fumes and only to a small degree by industry.

Subjects and methods
STUDY SITE

Munich is 530 metres above sea level in the south of
Germany and is the capital of Bavaria. It has a
population of 1-27 million (July 1990) in an area
of 3104400 min." In 1990 there were 649000 cars
registered in Munich. Movements oftraffic in the inner
city increased by about 40% between 1970 and 1990
with traffic at the city limits going up by more than
125%. Nearly a million cars pass the city border every
day."3
Permanent multicomponent air monitoring stations

have been installed at a height of 3 metres in the
city. During the study the average mean values at
the Karlsplatz-Stachus site, where 70000 cars pass
by every 24 hours, were 04148 mg/im3 for nitrogen
monoxides, 0-076 mg/m3 for nitrogen dioxides,
4609 mg/m3 for carbon monoxide, and 0-016 mg/m3
for sulphur dioxide. These figures did not exceed
standards for air quality.'4 To validate further the
assessment of exposure, data from more than 250
measurements of nitrogen dioxide distributed over the
city measured in 1984-7"5 and of benzene, toluene,
hydrocarbons, and ozone measured in 198816 were
correlated to rates of car traffic. If there was more than
one measurement in a single school district the arith-
metic mean was taken.

STUDY DESIGN

This report shows the results of a cross sectional
study carried out from 1989 to 1990 on all children in
the fourth grade at school (age 9-11 years) in the city of
Munich. The main objective ofthe Munich asthma and
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allergy study was to determine the prevalence of
allergic and asthmatic diseases.17 As the total sample of
children in the fourth grade was used no calculations of
sample size were needed. All the parents gave informed
and written consent for their children to participate.
The study was approved by the ethics committee of the
Bayerische Landesarztekammer.
From October 1989 to July 1990 a questionnaire

consisting of 58 questions on the allergic and asthmatic
symptoms of the child and family was distributed to
7445 children in 118 schools. Data from 6537 were
collected. Standardised questions were used to obtain
histories of respiratory symptoms and illness as well
as demographic data. For asthma the question was
"Has a physician ever diagnosed one of the following
diseases?" and asthma or recurrent asthmatic or spastic
bronchitis was taken for asthma. For a previous
diagnosis of croup and allergic rhinitis parents had to
check the yes or no boxes. For upper respiratory
infections during the past 12 months parents could
select fewer than five, five to 10, more than 10, or do
not know. The point prevalence of common colds at
the time of examination was determined by the typical
signs of hoarseness or runny nose. Cough was
defined as frequent coughing for longer than 14 days or
frequent coughing at night without cold or coughing
after exercise. For the questions "Has your child's
breathing ever been accompanied by wheezing or
whistling noises?" and "Did your child ever experi-
ence breathlessness without physical exertion?"
parents had to select never, once, several times, or do
not know.

Schools and field technicians to perform lung
function tests on the children were selected in a
random order. The children were examined through-
out the year except from July to September because of
school holidays. Each child was asked about present
respiratory illness. Height and weight were measured
with clothes but without shoes. Then lung function
tests were performed from 8 am to 1 pm by using an
electronic spirometer (Pneumoscop II, Jaeger, Wurz-
burg, Germany). Subjects performed forced expiration
while sitting and wearing a nose clip. We recorded the
forced vital capacity, forced expiratory volume in one
second, forced expiratory peak flow rate, and maximal
expiratory flow rates when 25%, 50%, and 75% of
forced vital capacity had been expired. Forced flow
volume tests were performed until three reproducible
loops were obtained according to the criteria of the
American Thoracic Society."' The best value for each
variable was used. All spirometers were calibrated
daily. Cold air challenge with air at -15C was carried
out with a respiratory heat exchange system (Jaeger,
Wurzburg, Germany) as described earlier." The
children hyperventilated cold air supplemented with
5% carbon dioxide for four minutes at 75% of their
maximum rate of ventilation per minute. Lung
function testing was repeated within the next five
minutes.

ASSESSMENT OF EXPOSURE

The city area of Munich is divided into 117 primary
school districts. Primary school children attend the
school nearest to their home, normally located in the
centre ofthe district.
The mean diameter of the district usually does not

exceed 2 km. Census data on car traffic on main streets
were obtained by automatic induction loops. Cars on
smaller streets were counted over 24 hours and a few
over eight hours. Cars were counted on weekdays
(Tuesday through to Thursday, except school
holidays); the values were updated in 1988 and
included more than 600 streets.13 Each school district
was therefore allocated the street with the highest
volume of traffic (fig 1). Two schools were excluded

FIG 1-City map ofMunich: maximum traffic counts per 24 hours by
thirds in school districts

from the analysis because of missing data on exposure
and one school because there is no direct school
district.

EVALUATION OF EFFECT

Children with a nationality other than German
(1507) were excluded from all the calculations (fig 2).
These comprised 451 Turkish, 435 Yugoslavian, and
21 Greek children and 600 of other or unknown
nationality. Despite translated versions the foreign
questionnaires were often only partially answered.
We also excluded children who had lived for less

than five years at their present address (277) because
the assessment of exposure would not be clear. Seventy
five children had to be excluded because of other
missing data. A total of 4678 children therefore
remained in the study.
When we analysed pulmonary function in addition

to the above criteria the children on whom we had data
only from the questionnaire and children with acute
respiratory infection at the date of the examination
(358) were excluded, so that 4320 subjects remained.
The analysis of pulmonary function relied on a

multiple regression model.7 Each variable of pulmon-
ary function was analysed separately. To determine the
effect of road traffic the natural logarithm (In) of the
pulmonary function value was modelled with parental
history of asthma, In (height), ln (weight), month of
examination, compliance with test, number of cigar-
ettes smoked at home daily, and indoor use of gas or
coal for cooking or heating. School education of
parents served as indicator of socioeconomic state.
Compliance with the test as judged by the field
technicians was added because failure on spirometric
tests itself could influence the results by children
failing to breathe out to residual volume.'9 Traffic
counts were entered as a continuous variable, and the
results were expressed as the effects of an increase of
25 000 in the car count in each school district.

Multiple logistic regression was used to estimate the
effect of the traffic count on respiratory symptoms
while the effects of parental history of asthma, parental
school education, number of people in household, use
of gas or coal for cooking or heating, month of survey,
number of cigarettes smoked at home, and who
completed the questionnaire were controlled for.
These confounders have been described as relevant in a

comparable setting.7 Although adjustment for asthma
among parents may be considered conservative as some
familial aggregation may be due to the parents being
exposed to the same pollutant, this variable was
included in the models to consider possible over-

reporting of children's symptoms by parents with a

positive respiratory history.
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All analyses were done by SAS version 6-07 with the
LOGISTIC procedure for symptom analysis and the
REG procedure for pulmonary function analysis.29

Results
Table I summarises the characteristics of the study

group. The maximum traffic counts in the school
districts ranged from 7000 to 125 000 cars per 24 hours
with a median of 40000 cars per 24 hours (fig 3).
With increasing traffic the concentrations of carbon
monoxide (Pearson's r=0-40; p<0-001), benzene (r=
0-28; p=0 003), hydrocarbons (r=0-21; p=0022),
and toluene (r=0-18; p=0 048) increased but ozone
decreased (r= -0 34; p<0-001). Nitrogen dioxide con-
centration (r=0-01; p=0878) did not correlate with
traffic concentration.
Table II shows the adjusted percentage changes in

measurements of pulmonary function with an increase
of 25000 cars in the school district. Children had
reduced peak expiratory flow rates and maximal
expiratory flow rates when 25% and 50% offorced vital
capacity had been expired. The response to cold air
challenge, indicated by absolute or relative change in
any of the measured variables, did not increase.
To check if the effect of road traffic occurs mainly in

conditions of high exposure, traffic measurements
were categorised into thirds. In the lowest third the
traffic rate was lower than 26000 cars per 24 hours.
The rate in the middle third ranged from 26000 to
48 000, and in the upper third traffic rates were higher
than 48 000 cars per 24 hours. The adjusted mean of
the peak flow decreased by 0 86% (95% confidence
interval 1-99% to -0-28%; p=0137) in the mid-
exposure group and 2- 18% (3 30% to 1 -04%; p< 0-001)
in the high exposure group compared with the low
exposure group.
Table III shows the cumulative respiratory symp-

toms and odds ratios associated with an increase of
25 000 cars in the school district adjusted as described
in the methods. A small increase in odds ratio was
observed for respiratory infections at the date of
examination, the lifetime prevalence of croup, recur-
rent wheezing, and recurrent dyspnoea. There were
no significant changes in the prevalence of asthma,
recurrent bronchitis, and hay fever.
To check for an effect of traffic on pulmonary

symptoms in conditions of high exposure, measure-

TABLE i-General characteristics of 4678 German children living in
Munich

Variable Boys Girls Total

No (0/o) 2275 (48-6) 2403 (51-4) 4678 (100.0)
Mean (SD) age (years) 10-2 (0-5) 10-2 (0 4) 10-2 (0 5)
Mean (SD) height (cm) 143-5 (6-2) 142-9 (6 6) 143-2 (6 5)
Mean (SD) weight (kg) 34-8 (6 5) 34-4 (6-7) 34-6 (6 6)

TABLE II-Percentage changes in measurements ofpulmonary function
associated with exposure of 25 000 cars a day in school district in 4320
German children in Munich

% Change/25 000 cars

Measure ofpulmonary Adjusted*
function Raw (95% confidence interval) p Value

FVC -037 -005 (-0-31 to 020) 0-693
FEVI -0 49 -0-20 (-0 45 to 0 06) 0-137
FEVI/FVC -0-13 -0-15 (-30 to 001) 0-069
PEFR -1-16 -0-71 (-1-08toO033) <0001
MEF (at % ofFVC expired):

25 -1*08 -0-68 (-111 to -0 25) 0-002
50 -0 90 -0-72 (-1*25 to -0-18) 0 009
50/FVC -0 53 - 0-66 (1-20 to - 0-12) 0-016
75 -0-38 -0-26 (-095 to 0 43) 0 457

*Adjusted for sex, parental history of asthma, In (height), In (weight),
month of examination, compliance with test, number of cigarettes smoked
at home daily, and use of gas or coal for cooking or heating.
FVC=forced vital capacity; FEV, forced expiratory volume in one second;
PEFR-peak expiratory flow rate; MEF-maximal expiratory flow.

ments were categorised into thirds as above. The
adjusted odds ratio for recurrent dyspnoea increased to
1-04 (0 76 to 1-44; p=0-381) in the middle category of
exposure and to 1 40 (1-03 to 1 91; p=0 046) in the
highest category of exposure.

Discussion
We have shown an association between traffic

load and reduced pulmonary function and increased
respiratory symptoms in 10 year old children. Al-
though there are inherent limitations of a cross sectional
study, the results share considerable agreement with
those from previous studies, in which measurements of
pulmonary function were used as indicators of the
effects of both indoor and outdoor air pollutants.2122
Our decrease in peak flow rates is comparable with the
effect of passive smoking in the same population
studied by Dold et al, in which the peak flow of
children with parents who smoked was decreased
by 2-5% (1 3% to 3-8%; p<0-001) compared with
children with parents who did not smoke.23

PREVIOUS STUDIES

Most of the studies on air pollution have found that
there is an association between the concentration of air
pollutants and the decrease of pulmonary function in
children.2425 Whether air pollution assessed by traffic
exposure has a measureable effect on human respira-
tory health has been examined in only a few epidemio-
logical studies. Yokayama et al investigated house-
wives living next to main roads in Tokyo and found
significantly more respiratory symptoms in those
women who lived within 20 metres of the road than in
those living further away.26 Murakami et al found up to
twice as many more respiratory symptoms such as
wheezing and severe colds in 4 to 11 year old children
living next to a road than in children living further
away.27 Ishizaki et al found symptoms of cedar
pollinosis in 13-2% of residents living within 200
metres of main intercity roads, compared with 9-6% of
the total population examined.25 None of these three
studies, however, controlled for possible confounding
factors such as age, sex, and smoking. These studies
have been expanded on in a recent report by Nitta et al,
who found odds ratios ranging from 0 76 to 2-75 for
various airway symptoms in relation to the distance
from the roadside.29

Several occupational studies have examined the
effect of petrol and diesel exhaust fumes. Speizer and
Ferris reported a slight association between exposure
to car exhaust fumes in policemen and increased
respiratory symptoms but not decreased pulmonary
function.30 Evans et al described significantly lower
forced expiratory volumes in one second and more
respiratory symptoms in officers directing traffic in
tunnels than those working on bridges.3' Ulfvarson
and Alexandersson found a reduction in pulmonary
function in stevedores on roll-on-roll-off ships who
were exposed to diesel exhaust fumes from lorries
during a work shift. After all the lorries were
equipped with filters on the exhaust pipe the impair-
ment in pulmonary function was reduced. Gamble et al
examined men who worked in bus garages and found
an apparent association between pulmonary function
and length of employment.33 In contrast, a prospective
cohort study by Ames et al of underground miners
who were exposed to diesel emissions did not show
any differences in respiratory function or chronic
respiratory symptoms.'

OURSTUDY

The extent of change in pulmonary function and
respiratory symptoms in our study is comparable with
those found in previous studies on air pollution. We
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TABLE iii-Cumulative respiratory symptoms and odds ratios associated with increase of 25000 cars
a day in school district in 4678 German children in Munich

Odds ratio/25 000 cars

Percentage Adjusted*
Respiratory symptom Prevalence prevalence Raw (95% confidence interval) p Value

Asthma Lifetime 8-1 1-06 1-06 (0 97 to 1-16) 0-180
Asthma Presentinpastyear 2-7 1 00 1-04 (0-89 to 1-21) 0-160
Croup Lifetime 10-5 1-08 1 09 (l OOto 1-18) 0-044
Allergic rhinitis Lifetime 10-5 0 93 0-96 (0-88 to 1-05) 0-345
More than 10 upper

respiratorytractinfections Presentinpastyear 1-8 1-04 095 (0-76 to 119) 0-645
Common cold Present at time of

examination 6-3 1-21 1-20 (1-08to 134) 0 001
Recurrentbronchitis Lifetime 18-6 1-03 1-05 (0-98 to 1-12) 0-172
Recurrentwheezing Lifetime 16-9 1-08 1-08 (1 01 to 1-16) 0 033
Recurrent dyspnoea Lifetime 8-6 1-07 1 10 (100 to 1-20) 0 039
Coughing Lifetime 20-3 1-06 1-06 (0 99 to 1-13) 0-093

*Adjusted for sex, parental history of asthma, parental college education, number of people in household, use of gas
or coal for cooking or heating, month of survey, number of cigarettes smoked at home, and person who filled
in the questionnaire.

confirmed the results of earlier studies on the effects of
traffic.262729 In contrast to the results of Ishizaki et aP8
the risk of hay fever with increasing concentrations of
traffic was not increased. The age distribution of our
study population, however, was different and climatic
conditions as well as pollen types and pollen counts
could have influenced the results.
The main advantages of our study were a defined

area with high density of inhabitants, close mesh of
data on exposure, and homogeneous age distribution of
observed children. Some general issues of validity,
however, should be discussed. Selection bias is un-
likely as the total population of 10 year old children was
considered and the rate of response was high. Over-
reporting by parents from the areas with a high volume
of traffic could be partially responsible for the observed
differences in prevalence of symptoms, but there
was no tendency for overreporting of non-respiratory
symptoms-for example, atopic dermatitis. Con-
founding factors such as passive smoking, indoor
heating, or social status have been considered; a
spurious association can therefore be excluded as far as
possible.
The validation of exposure is crucial because the

exposure is assumed for all children in a school district.
As is known from research on atmospheric transport
and dispersion of air pollutants, the indirect exposure
as chosen in this study represents a near field
approach.35 A more personal assessment of exposure
by personal samplers would have had advantages but
was not feasible in nearly 7000 children. A misclassifi-
cation of exposure is likely and will dilute any effect
because of the ubiquitous occurrence and distribution
of car exhausts. Therefore, we suspect that there is a
considerable underestimation of the effects of traffic
exhausts.
For several markers of air pollution a correlation

with car traffic count was found. The purpose of this
evaluation was to show that the assigned traffic rates
correlated with air pollution. We did not intend to
show the effect of a single marker of air pollution, as in
other studies as car traffic count reflects more the-

Public health implications

* Car traffic has increased over the past 20 years
* In Munich in 1989-90 children who lived in
school districts with more traffic showed reduced
expiratory pulmonary function
* Respiratory symptoms such as recurrent
wheezing and recurrent dyspnoea were also
reported more often
* These results support the argument that road
traffic has adverse respiratory health effects

synergistic action of all emitted substances. There
could be multiple effects of different pollutants; or
effects of other pollutants, such as PM10 particles, may
have been missed if we had looked at only one
pollutant. Unexpectedly, nitrogen dioxide did not
increase with traffic count. This may be due to the
volatile character of the compound and the distance
from the point of measurement to the next road with
heavy traffic. The correlations between the other
markers were to be expected. Ozone decreased because
of immediate chemical reduction with nitrogen
monoxide.36

Continuous measurements of air pollution, which
were not performed directly at the roadside, did not
exceed national standards for air pollution. Our results,
however, imply that even below these standards effects
due to air pollution exist.737 Otherwise, the conclusion
would be either that the effective peaks are smoothed
out by 24 hour averages or that the position of the
measuring device is critical.
The observed effects probably reflect a direct rela-

tion between car traffic exhaust fumes and adverse
effects on respiratory health. Because increased
respiratory symptoms are reported as well, the
observed reduction in pulmonary function is unlikely
to reflect changes only within the physiological range.38
The mechanism by which air pollution acts on pul-
monary physiology is still a matter of speculation.39 0
As there was no significant increase in the prevalence of
asthma and the response to cold air challenge, one
could speculate that traffic exhausts promote primarily
non-specific bronchial inflammatory symptoms but
not bronchial hyperreactivity.
We cannot say whether the observed changes were

permanent or reversible. To what extent such exposure
leads to chronic disease should be studied. Neverthe-
less, protecting children from the risks of pollutants
from car exhaust fumes is a major challenge.
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Abstract
Objective-To study associations between

characteristics offamilies during the first pregnancy
and after childbirth and the development ofinfantile
colic.
Design-Randomised, stratified cluster sampling.

Follow up from the first visit to a maternity health
care clinic during pregnancy to three months after
birth with confidential semistructured question-
naires.
Setting-Maternity health care clinics in primary

health care centres in Finland.
Subjects-1443 nulliparous women and 1407

partners. Altogether 1333 women and 1279 men
returned the questionnaires. When the infants
were 3 months old 1208 women and 1115 men
returned questionnaires.
Main outcome measures-Marital relationship;

personal and social behaviour of parents during the
pregnancy and their coping with the pregnancy;
mothers' physical health and events, symptoms, and
experiences in relation to pregnancy; self confidence
and experiences ofmothers and fathers in relation to
childbirth; and parents' sociodemographic and
educational variables. Measure of colic when the
infant was 3 months old.
Results-Experience of stress and physical symp-

toms during the pregnancy, dissatisfaction with the
sexual relationship, and negative experiences during
childbirth were associated with the development of
colic in the baby. None of the sociodemographic
factors was associated with colic.
Conclusions-Early preventive health work during

pregnancy should attempt to improve parents' toler-
ance of symptoms of stress and ability to cope and
increase their confidence in parenting abilities.

Introduction
Infantile colic (three month colic) is described as a

behavioural syndrome characterised by excessive cry-
ing, which is paroxysmal in nature, more likely to
occur in the evenings, and without identifiable cause,
during which an otherwise healthy infant between 2
weeks and 4 months of age is difficult to console.'
According to Wessel et al, a colicky infant is defined as
a one who has paroxysms of irritability, fussing, or
crying lasting for three hours a day for three days a
week over three weeks.2
Most investigators have been concemed with

gastrointestinal factors in the aetiology of colic: the
immaturity of the gastrointestinal tract,' type of feed-
ing,4 intolerance to cows' milk,7 and lactose intoler-
ance.8 9 The evidence, however, remains weak and
contradictory,' and there is an increasing tendency for
research to implicate non-gastrointestinal factors. Neff
postulated that because of an abnormal sensitivity of
the central nervous system, minimal stimuli, which are
usually without effect, may lead to the development of
fussiness in certain infants.'0 This theory is similar to
that implicating the infants' own temperament. Carey
correlated difficult temperament at 4 to 8 months ofage
with colic, but the relation between colic and tempera-
ment seems to be unclear as yet." The transfer of
tension from mother to infant has been suggested to be
a causative factor.'2 Carey further confirmed this in a
prospective study of 103 subjects." In a study by
Paradise maternal emotional factors were not associ-
ated, but puerperal emotional tension or depression
were.'4

Infantile colic was described by Hewson et al as the
end result of a complex transaction between infants
and their environment, with many factors responsible
for the crying and distress.'" Any single study can
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