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SUMMARY

Objectives: The aim of this study was to evaluate the influence of intensity of truck traffic on
asthma symptomatology, and its relationship with age and gender.

Study design: A cross-sectional study was conducted on children and adolescents from
Galicia (North-West Spain).

Methods: Following the methodology of the International Study of Asthma and
Allergies in Childhood (ISAAC): children from schools randomly selected, answered a self-
administered questionnaire included questions on asthma symptoms and some risk factors.

The association between self-reported truck traffic on the street of residence and
symptoms of asthma were investigated by logistic regression adjusted for body mass
index, maternal education and parental smoking.

Results: Almost 40% of children in Galicia are exposed to the frequent and constant passing
of heavy goods vehicles.

The odds of 6—7 year-old boys having severe or exercise induced asthma is tripled when
they live in streets with the constant passing of heavy goods vehicles, compared with those
living in streets where these vehicles never pass. In adolescents and 6—7 year-old girls, no
relationship was observed between truck traffic and asthma symptoms.

Conclusions: The results of this study appear to support a distinct effect of truck traffic on
asthma symptoms depending on the age and sex of the exposed population, being more
harmful for young males.

© 2013 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
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Introduction

Traffic pollution consists of a complex mixture of motor en-
gine gases and dust from the roads, tyres and brakes.' The
effect of these contaminants on health is of great concern to
society.

Although there are solid experimental data on the effects
of road traffic contamination on respiratory health,’ ™ epi-
demiological data are less consistent.>® In some studies there
appears to be a relationship observed between contamination
from traffic and asthma in children,”® while in others no
relationship is observed.’ ' In a recent meta-analysis,
including 19 studies, the results appear to support some
relationship between the exposure to high density traffic and
childhood asthma.*?

In a recent publication with data from the phase III ISAAC
study, it showed that higher exposure to heavy goods vehicle
traffic is associated with more asthma symptoms; but the
results are not homogeneous between countries or between
the age groups studied.® Thus, in 6—7 year-old children in
North America or Western Europe there is a relationship be-
tween the high intensity of truck traffic and asthma symp-
toms, which is not seen in the 13—14 year-old group. On the
other hand, in a Northern and Eastern Europe population, an
increase in asthma symptoms was observed with more
exposure to traffic in the adolescent population, but not in the
younger children.™®

The aim of this study was to evaluate the influence of the
intensity of truck traffic on asthma symptomatology, and its
relationship with age and gender.

Methods

A cross-sectional study was conducted between October 2006
and February 2007 on children (6—7 years) and adolescents
(13—14 years) from Galicia (North-West Spain), following the
methodology of the International Study of Asthma and Al-
lergies in Childhood (ISAAC) (http://isaac.auckland.ac.nz),
using the questionnaires designed for this study, previously
translated and validated in Spanish.***®

Six of the largest Health Areas in Galicia were included in
the study, with a total population of 1.9 million inhabitants,
which is 69% of the total population in this Autonomous Re-
gion. The number of schools required to achieve a sample of
1500 children in each group were randomly selected from
each of the six Health Areas. The schools that refuse to take
part in the study were replaced in random selection order. All
the children in the previously defined age groups, of each
school selected, were asked to take part in the study.

Written permission to participate in the study was
requested from the parents and guardians of the children.

In accordance with the methodology of the ISAAC study,
the responses to the questions were made by the parents and
guardians of the children in the 6—7 years group, while the
13—14 year-old made their own responses in school.™

The questionnaire data was introduced manually into
a data base, using double entry with subsequent validation, in
accordance with the ISAAC protocols.

The environmental questionnaire included questions
about truck traffic exposure, asthma symptoms, self-reported
height and weight, smoking habits of parents and mother’s
education level.*®

Parental smoking was classified, based on the responses in
the questionnaire, into four mutually exclusive categories: (1)
no parent smokes; (2) only the mother smokes; (3) only the
father smokes; and (4) both parents smoke.

The educational level of the mother was classified into
three categories: (1) No education or only primary school ed-
ucation; (2) Secondary school education; and (3) University
education.

The exposure to heavy vehicle traffic was evaluated from
the response to the question: ‘How often do trucks pass
through the street where you live, on weekdays?’ The four
answers to choose from were never, seldom, frequently
through the day, and almost the whole day.*®

For the purpose of this study, Asthma ever was defined as
a positive answer to the question ‘Has your child ever had
asthma?’.

Current asthma was defined as a positive answer to the
question ‘Has your child had wheezing or whistling in the
chest during the last 12 months?’.

Severe asthma was defined as a combination of the three
questions assessing the severity of asthma: ‘How many at-
tacks of wheezing has your child had during the last 12
months? (none, 1-3, 4—12, >12)’, ‘In the last 12 months, how
often on average has your child’s sleep been disturbed due to
wheezing? (never, <1 night/week, >1 nights/week)’, and ‘In
the last 12 months, has wheezing been severe enough to limit
your child’s speech to only one or two words at a time between
breaths?’. Children were considered to have current severe
asthma when there were >4 asthma attacks or when sleep
was disturbed >1 nights/week or when there had been an
episode of speech limitation.*®

Exercise induced asthma was defined as a positive answer
to the question, ‘In the last 12 months, has your child’s chest
sounded wheezy during or after exercise?’.'*®

Obesity and overweight were defined in accordance with
the Body Mass Index (BMI) cut-off points mentioned by Cole
et al. for each age group and sex."’

Data analysis

Logistic regression was used to calculate the prevalence Odds
Ratio (OR) of the asthma symptoms, in accordance with the
four exposure to truck traffic categories, adjusted for body
mass index, maternal education and parental smoking.

The children with incomplete data were excluded from the
study.

The statistical analysis was performed using SPSS 17.0
software (SPSS Inc, Chicago, Illinois).

The study was approved by the Clinical Research Ethics
Committee of Galicia.

Results

A total of 7250 children were included in the 6—7 years group,
with a response rate of 75%. In the 13—14 years group, the
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response rate was 85%, with 7295 children being included
(Table 1).

Almost 40% of our children are exposed to the frequent and
constant passing of heavy goods vehicles (Table 1).

The prevalence of asthma symptoms was higher in 67
year-old boys and in 13—14 year-old girls (Tables 1.A and 1.B).

As regards the covariables in this study, it can be seen that
almost half the children and adolescents are exposed to pas-
sive smoking in the home and that one third of the mothers
have a university education. As for obesity, almost one third of
the children were obese or overweight, with no differences
between sexes. The rates are reduced in the adolescents, the
prevalence of overweight and obesity being 23.4% in the fe-
males, significantly higher than the 13.5% of males (Tables 1.A
and 1.B).

In adolescents, no relationship was observed between truck
traffic and asthma symptoms (Tables 2 and 3). A statistically
significant relationship was observed in the children, with
more asthma symptoms in those exposed to more intense
truck traffic. It is noted that in the multivariate analysis, this
relationship is only significant in the males, and not in the fe-
males (Tables 3.A and 3.B). The odds of the boys having severe
or exercise induced asthma is tripled when they live in streets
with the constant passing of heavy good vehicle, compared
with those living in streets where these vehicles never pass.

Discussion

The main findings from the study is that in our population,
asthma symptomatology was strongly associated with traffic
intensity in 6—7 year-old boys, but not in girls of this age or in
adolescents.

The inclusion of a large population sample, selected ran-
domly, and studied following extensively validated method-
ology both in Spain and other countries, appears to reinforce
the validity of our results.”®*°

As regards asthma symptoms, the validity of the ques-
tionnaires appears to have been reasonably demonstrated
with studies where they are compared objective measure-
ments. In a Finnish study, the sensitivity and specificity of the
diagnosis of asthma by questionnaire was compared with the
same diagnosis with hyper-reactivity tests, but without
demonstrating the diagnostic superiority of epidemiological
studies with the use of complementary tests.?

This study may have some limitations. On the one hand,
the fact that it is a cross-sectional study means that causality
relationships cannot be established. Also, the data was
obtained by using a questionnaire, with no objective mea-
surements of exposure or the disease. Although this should
not change the results significantly, given that several authors

Table 1.A — Main characteristics of the children aged 6—7 years, according to gender

Girls Boys P
Mean SD Median (Interquartilic range) Mean SD Median (Interquartilic range)
Age 65 0.5 6 (6—7) 65 05 6 (6-7) 0.634
Height (cm) 1229 69 123 (118-128) 1237 72 124 (119-129) <0.001
Weight (kg) 256 4.7 25 (22-29) 260 47 25 (22-29) <0.001
Body mass index (kg/m?) 16.9 239 16.6 (15.3—18.3) 16.99 229 16.6 (15.4—18.1) 0.165
Girls Boys P
n % n %

Body mass index (kg/m?) 0.050

Normal weight 1877 66.1% 2088 68.9%

Overweight 663 23.4% 665 22.0%

Obesity 299 10.5% 276 9.1%
Paternal or maternal smoking 0.849

Father 641 18.4% 688 19.2%

Mother 434 12.4% 441 12.3%

Mother and father 628 18.0% 634 17.7%
Maternal education 0.528

No education 30 0.8% 27 7%

Elementary 1076 30.2% 1105 30.1%

High school 1346 37.7% 1338 36.4%

University 1116 31.3% 1201 32.7%
Frequency of truck traffic on the street of 0.009

residence

Never 554 15.5% 470 12.7%

Seldom 1649 46.2% 1740 47.2%

Frequent 1202 33.7% 1302 35.3%

Constant 167 4.7% 175 4.7%
Asthma ever 320 8.8% 550 14.7% <0.001
Current asthma 407 11.2% 605 16.2% <0.001
Severe asthma 128 3.5% 215 5.8% <0.001
Exercise-induced asthma 193 5.3% 283 7.6% <0.001
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Table 1.B — Main characteristics of the children aged 1314 years, according to gender.

Girls Boys P
Mean SD Median (Interquartilic range) Mean SD Median (Interquartilic range)
Age 13.5 0.5 13 (13—-14) 13.5 0.5 13 (13-14) 0.957
Height (cm) 5220 873 51 (47—57) 56.0  11.0 55 (48—63) <0.001
Weight (kg) 161.56  6.65 162 (157—166) 1654 9.2 165 (160—172) <0.001
Body mass index (kg/m?  20.03  2.93 19.6 (18.1-21.5) 204 32 20.0 (18.2—22.1) <0.001
Girls Boys P
n % n %

Body mass index (kg/m?) <0.001

Normal weight 2797 86.5% 2459 76.3%

Overweight 392 12.1% 653 20.3%

Obesity 44 1.4% 110 3.4%
Paternal or maternal smoking 0.023

Father 469 12.6% 492 14.1%

Mother 704 18.9% 603 17.3%

Mother and father 697 18.8% 599 17.1%
Maternal education 0.007

No education 48 1.3% 61 1.8%

Elementary 839 23.0% 707 20.5%

High school 1504 41.1% 1530 44.3%

University 1264 34.6% 1155 33.4%
Truck traffic on the street of residence <0.001

Never 372 9.9% 490 13.8%

Seldom 1836 49.0% 1771 50.0%

Frequent 1284 34.2% 1081 30.5%

Constant 258 6.9% 203 5.7%
Asthma ever 591 15.6% 675 18.8% <0.001
Current asthma 505 13.3% 413 11.5% 0.017
Severe asthma 219 5.8% 164 4.6% 0.019
Exercise-induced asthma 856 22.6% 586 16.3% <0.001

have analysed data using similar methodologies to the ones
used in this study, which seems to defend their reliability.
Thus, the evaluation of self-reported exposure to traffic by
the children themselves or their parents, seems to be a reli-
able measurement; given the good correlation between the
objective measurement of environmental contaminants of
traffic and the intensity of that which is self-reported.?*~23
Furthermore, this form of measurement enables a complex
mixture of contaminants produced by road traffic to be

analysed, nearer to the epidemiological reality than only
determining the levels of an individual contaminant.?*

Compared to previous studies, these results are in agree-
ment with other authors who observed a greater effect in
males® or in younger children,’? although the majority of
published studies report a greater effect in females.?%?%2

The greater effect in the younger boys could be associated
with the lower calibre of the airway that boys of this age have
compared to girls.?®

Table 2.A — Risk of asthma symptoms and self-reported frequency of truck traffic on the street of residence in children aged

6—7 years old according to gender. Univariate logistic regression analysis.

Asthma ever

OR (95% ClI) OR (95% CI)

Current asthma

Severe asthma Exercise-induced asthma

OR (95% CI) OR (95% CI)

Boys
Frequency of truck traffic on the street of residence
Never 1.0 1.0
Seldom 0.9 (0.8-1.1) 1.0 (0.7-1.3)
Frequent 1.0 (0.8-1.2) 1.1 (0.8—1.4)
Constant 1.2 (0.9-1.7) 1.7 (1.1-2.6)
Girls
Frequency of truck traffic on the street of residence
Never 1.0 1.0
Seldom 1.0 (0.8-1.2) 1.0 (0.7-1.3)
Frequent 1.3 (1.0-1.6) 1.2 (0.9-1.6)
Constant 1.5 (1.0-2.1) 1.5 (0.9-1.6)

1.0 1.0
1.3 (0.8-2.1) 1.2 (0.8-1.9)
1.4 (0.9-2.4) 1.3 (0.8—1.9)
2.6 (1.3-5.0) 1.8 (1.0-3.4)
1.0 1.0

0.9 (0.5-1.6) 0.8 (0.5-1.2)
1.2 (0.7-2.0) 1.1 (0.7-1.6)
1.4 (0.6-3.3) 1.3 (0.6—2.5)
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Table 2.B — Risk of asthma symptoms and self-reported frequency of truck traffic on the street of residence in children aged

13—14 years old according to gender. Univariate logistic regression analysis.

Asthma ever

Current asthma

Severe asthma

Exercise-induced asthma

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Boys
Frequency of truck traffic on the street of residence
Never 1.0 1.0 1.0 1.0
Seldom 1.17 (0.90—1.53) 0.98 (0.72—1.34) 0.99 (0.61—1.61) 1.27 (0.95—1.68)
Frequent 1.19 (0.90—1.53) 1.01 (0.72—1.42) 1.05 (0.63—1.76) 1.21 (0.89—1.63)
Constant 1.15 (0.75-1.75) 1.04 (0.62—-1.73) 0.99 (0.45—2.18) 1.34 (0.86—2.08)
Girls
Frequency of truck traffic on the street of residence
Never 1.0 1.0 1.0 1.0
Seldom 1.17 (0.85—1.61) 1.01 (0.72—1.42) 1.06 (0.65—1.73) 1.01 (0.77—1.33)
Frequent 1.03 (0.74—1.43) 1.16 (0.82—1.64) 1.03 (0.62—1.72) 1.20 (0.91—1.59)
Constant 1.24 (0.80—1.91) 1.34 (0.85—2.11) 1.48 (0.78—2.81) 1.40 (0.97—2.03)

Table 3.A — Multivariate logistic regression analysis for factors relating to asthma symptoms in children aged 6—7.

Asthma ever

OR (95% CI)

Current asthma

OR (95% ClI)

Severe asthma

OR (95% ClI)

Exercise-induced asthma

OR (95% CI)

Boys
Frequency of truck traffic on the street of residence
Never 1

Seldom 0.87 (0.63—1.21)

Frequent 0.93 (0.66—1.30)

Constant 1.63 (0.99—2.67)
Girls

Frequency of truck traffic on the street of residence
Never 1

Seldom 1.03 (0.68—1.54)
Frequent 0.99 (0.65—1.52)
Constant 1.45 (0.76—2.78)

1
0.95 (0.69—1.31)
1.01 (0.72—1.40)
1.66 (1.02—2.70)

1
1.04 (0.72—1.50)
1.22 (0.84—1.78)
1.4 (0.80—2.62)

1
1.34 (0.74—2.41)
1.50 (0.82—2.73)
3.11 (1.45-6.65)

1
1.02 (0.54—1.93)
0.98 (0.50—1.92)
1.16 (0.40—3.35)

1
1.31 (0.79—2.15)
1.35 (0.81—2.26)
2.46 (1.24—4.86)

1
0.94 (0.56—1.60)
1.16 (0.68—1.98)
1.03 (0.42—2.52)

Adjusted by body mass index, parental smoking and maternal education.

The analysis of published studies shows inconsistencies in effect.>**> In one study, it even observed a protector effect in
the effect of road traffic contamination on asthma. Some au- 7—15 year-old children.®® These authors presented the hy-
thors report an increase in asthma symptoms with higher pothesis that the protector effect for wheezing on living next
exposure to traffic®*"?72°733; byt others did not observe any to a main road could be related to the fact that those most

Table 3.B — Multivariate logistic regression analysis for factors relating to asthma symptoms in children aged 13-14.

Asthma ever Current asthma Severe asthma Exercise-induced asthma

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Boys
Frequency of truck traffic on the street of residence

Never 1 1 1 1

Seldom 1.09 (0.82—1.44) 0.89 (0.64—1.25) 0.90 (0.53—1.53) 1.15 (0.85—1.57)

Frequent 1.13 (0.83—1.52) 1.01 (0.71—1.45) 1.09 (0.63—1.88) 1.16 (0.84—1.61)

Constant 1.01 (0.64—1.60) 0.98 (0.57—1.69) 0.84 (0.35—2.04) 1.19 (0.73—1.92)
Girls

Frequency of truck traffic on the street of residence
Never 1

Seldom 1.30 (0.91—1.87)
Frequent 1.09 (0.75—1.59)
Constant 1.18 (0.71-1.97)

1
1.02 (0.70—1.48)
1.12 (0.76—1.65)
1.17 (0.69—1.99)

1
1.14 (0.66—1.98)
1.03 (0.58—1.83)
1.40 (0.67—2.95)

1
0.93 (0.69—1.26)
1.10 (0.81—1.50)
1.14 (0.75—1.75)

Adjusted by body mass index, parental smoking and maternal education.
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susceptible to asthma avoid these environments, or that
another more frequent exposure in the rural environment
could be associated with asthma; but both justifications have
not been analysed.*®

Other hypotheses have also been implicated as causes of
these inconsistencies. On the one hand, the possibility of
biases are suggested for estimating the exposure, as was
observed in a UK study, where the parents of the children
with more severe respiratory symptoms over-estimated the
exposure to traffic’” But contradicting this, in an Italian
study, a good correlation was observed between the traffic
indicators by questionnaire and objective measurements of
these.”’

Another possible cause of the differences in the results
could be the different ways of evaluating exposure. Some
authors do this as self-reported traffic intensity, amount
of heavy traffic, geographical information system (GIS)
indices, direct measurement of some contaminants asso-
ciated with traffic, or the distance to the nearest major
road.7'21'36‘38‘39

There could also be differences in the overall contaminants
from sources other than traffic, such as biomass combustion
or some industries; and even sociodemographic aspects such
as, altitude, winds or population density can be determining
factors of the levels of exposure to contaminants.®

Another factor could be the type of traffic, since a higher
incidence of allergic sensitization was observed with higher
exposure to truck traffic but not to cars.*®

Furthermore, the time of the exposure could have an in-
fluence, with a critical window of susceptibility, particularly in
early life.® This is in agreement with the results of a study in
France, where exposure to traffic throughout life is not asso-
ciated with more asthma, but if the exposure takes place in
the first three years of life, it is associated with more asthma
symptoms.*!

Even differences in the characteristics of the exposed
population, since it is known that there are differences be-
tween populations in the prevalence of allergic sensitization,
which could be a factor for determining susceptibility to
environmental contaminants.'®*?

In conclusion, the results of this study appear to support
a distinct effect of truck traffic on asthma symptoms
depending on the age and sex of the exposed population,
being more harmful for young males.
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