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Abstract
Objectives: This study explores the association between self-reported exposure to traffic-related air pollution and respiratory health symptoms, as well 
as lung functions and skin prick tests in adolescents living in the vicinity of main roads. Material and Methods: The data in the study were acquired 
using a cross-sectional study conducted between 2004–2005 in Chorzów (Silesia, Poland) among adolescents (N = 936) aged 13–15 years, attending ju-
nior high schools. Adverse respiratory health symptoms and exposure to traffic-related air pollution were determined on the basis of a questionnaire. 
Moreover, all children underwent spirometry and skin prick tests. Multivariable logistic regression with multiple imputation for missing data was 
used to assess the prevalence of adverse respiratory symptoms in relation to self-reported exposure to traffic-related air pollution, adjusted for socio-
economic and environmental factors. Results: Among respiratory tract diseases, asthma and allergic rhinitis associations were statistically significant 
(OR = 2.16, 95% CI: 1.12–4.15 and OR = 1.69, 95% CI: 1.08–2.64, respectively). Likewise, among respiratory disorders, statistically significant asso-
ciations were found in the case of wheezes and dyspnea attack (OR = 1.58, 95% CI: 1.10–2.26 and OR = 2.39, 95% CI: 1.56–3.66, respectively), with 
respect to the vicinity of the main road. Living in the area with high traffic intensity was statistically significantly associated with a higher prevalence of 
asthma and wheezes (OR = 2.31, 95% CI: 1.22–4.39 and 1.48, 95% CI: 1.09–2.01, respectively). The results obtained did not confirm the relationship 
between the adopted way of exposure to traffic-related air pollution and lung function indices or skin prick tests. Conclusions: Results of the study 
suggest that children living in the area with intense traffic are more likely to develop respiratory disorders. Moreover, the vicinity of a main road as 
well as traffic intensity could be suitable in assessing the relationship between road transport and potential health problems among exposed inhabit-
ants. Int J Occup Med Environ Health. 2019;32(4):553 – 67
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city in the Silesian Agglomeration, with almost 3500 in-
habitants/km2 [29].

MATERIAL AND METHODS
The data were obtained from a  cross-sectional study of 
children’s respiratory health and allergic diseases, conduct-
ed in 2004–2005 in Chorzów. Children aged 13–15 years, 
attending all junior high schools (gimnazjum), were invited 
to participate in the study (N = 4520). The response rate 
among the participants was 25% (N = 1130).
The research protocol used the following methods: a ques-
tionnaire interview, a  medical examination, spirometry, 
and skin prick testing. The questionnaire, based on the 
International Study of Asthma and Allergies in Childhood 
(ISAAC) and the Central European Study of Air Pollution 
and Respiratory Health (PHARE/CESAR) programs, and 
validated by the Institute of Occupational Medicine and En-
vironmental Health [30,31], was filled out by parents or le-
gal guardians of the children involved in the study. Spirom-
etry was performed by a fully trained researcher. Lung func-
tion measurements, including forced vital capacity (FVC), 
forced expiratory volume in 1 s (FEV1), percent predicted 
FEV1, peak expiratory flow (PEF), and mid-expiratory flow 
(MEFX) at 25–75% of FVC, were obtained with an auto-
calibrated ultrasonic flow-sensing spirometer (EasyOne, 
ndd Medical Technologies, Inc. Zurich, Switzerland).
Skin prick tests were carried out with the following aller-
gens: cockroach (Blatella germanica), dogs’ and cats’ fur, 
mixed grass pollen, mixed weed pollen, tree pollen (Cory-
lus avellana, Betula alba), moulds (Alternaria tenuis, Cla-
dosporium herbarum, Aspergillus fumigatus), house dust 
and flour mites (Dermatophagoides pteronyssinus, Der-
matophagoides farinae), as well as storage mites (Acarus 
siro, Tyrophaus putrecentiae, Lepioglyphus destructor), and 
histamine as positive and 0.9% sterile saline as negative 
control. The tests were interpreted within 15–20 min af-
ter they were performed. The positive result of the skin 
prick test was defined as a wheal ≥ 3 mm diameter [32]. 

INTRODUCTION
Data gathered by the WHO show that respiratory diseas-
es remain one of the most important threats to health in 
Europe, especially among children [1]. Numerous publi-
cations suggest that adverse respiratory health effects in 
children are related to their exposure to ambient air pol-
lution, especially in the urban environment [2–10]. There 
are many sources of outdoor air pollution in Europe (in-
cluding the Silesian Agglomeration). The most important 
are vehicles, industry and power plants [11]. Moreover, 
residential heating by using coal furnaces during the win-
ter season is another clear contributor [12].
Although Europe’s air quality is slowly improving, fine 
particulate matter (PM2.5) and nitrogen oxides (NOx) 
from vehicles remain a serious public health concern [13]. 
However, the relationship between traffic-related air pol-
lution and health consequences has not been adequately 
explained. This may be due to either the use of differ-
ent models of exposure, different populations studied 
(i.e., children or adults) or the main sources of pollution. 
There are several studies indicating the intense car traf-
fic as a potential risk factor for respiratory diseases and 
disorders [14–22]. However, such a  relationship was not 
confirmed by other studies [9,23–25]. In addition, one of 
the recent WHO reports on contaminated sites and pub-
lic health has pointed out the co-occurrence of hazard re-
lated to industrial pollution and the increasing intensity of 
road transport [26].
The Silesian Agglomeration (the south part of Poland) is 
one of the post-industrial regions of Europe with a rela-
tively high number of inhabitants and an increasing num-
ber of vehicles [13,27]. Recently published data suggest 
an increase in the prevalence of childhood asthma in the 
Silesian Agglomeration area [28].
The aim of this study was to assess the prevalence of respi-
ratory diseases and disorders, as well as the sensitization 
and lung functions, in adolescents living in the vicinity of 
the main roads in Chorzów, the second most populated 
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quartiles. The assumption of normality was verified by the 
Shapiro-Wilk test. Categorical variables were compared 
using the χ2 test. The Student’s t-test and the Mann‑Whit-
ney U test were used to assess group differences for nor-
mally and non-normally distributed continuous variables, 
respectively. The association between traffic exposure and 
adverse health effects was analyzed by means of multivari-
able logistic regression.
The scope of the health effects analyzed by means of lo-
gistic regression included the following medical diagnosis: 
asthma and spastic bronchitis, wheezes, dyspnea attack, 
runny nose, and allergic rhinitis. The following confound-
ers were controlled in the analysis: gender, body mass 
index (BMI), maternal employment, exposure to envi-
ronmental tobacco smoke (ETS) at home, type of heat-
ing (coal-based or central), traces of moisture or moulds 
in the place of residence, and parental allergy. Age was 
intentionally omitted in the logistic regression because of 
the homogeneity of age (13–15 years old). 
In order to minimize bias due to some missing data in the 
scope of the explanatory variables in the logistic regres-
sion model, multiple imputation under missing at random 
(MAR) assumption was used. The MAR assumption was 
checked with the “missingPattern” SAS macro [35]. The 
imputation technique was performed by means of the fully 
conditional specification (FCS) method. To evaluate pa-
rameter estimates of the logistic regression, 20 imputed 
data sets were used, while the number of burn-in itera-
tions was set to 100. Results of the logistic regression were 
expressed as the odds ratio (OR) with 95% confidence in-
terval (95% CI). The statistical significance level was set 
at α = 0.05 criterion. Statistical analyses were conducted 
using the SAS statistical software package, version 9.4 
(SAS Institute Inc., Cary, North Carolina, USA).

RESULTS
According to the self-reported assessment of exposure 
to traffic-related air pollution, the vicinity to the main 

The study was conducted with the approval of the Bio-
ethical Committee of the Medical University of Silesia, 
No. NN-013-03/03. Among all the respondents, spirome-
try and skin prick tests were conducted on 961 (85%) chil-
dren. However, 25 records were eventually removed due 
to missing data representing exposure to traffic-related air 
pollution. Thus, the final database contained 936 records.
The exposure assessment of traffic-related air pollution 
was based on responses to the following questions:
1.	 Describe the road near the place of your residence,  

with 7 possible response options: a highway, a  main 
road in the city, a regional road between 2 cities, a main 
road in the city district, a main road in the housing es-
tate, and a side road.

2.	 How often do cars pass by the road near the place of your 
residence, apart from the weekend, with 4 possible response 
options: never, rarely, frequently, and almost all day.

The authors defined 2 surrogates of exposure to traffic-
related air pollution, namely the higher exposure from the 
“main road” if the response was at least “a regional road 
between 2 cities” to the first question, and “high traffic in-
tensity” if the response was “almost all day” to the second 
question. Such definitions of the surrogates of exposure are 
plausible because the previously published results confirmed 
the relationship between proximity to the road and elevated 
concentrations of particulate matter and ozone [33,34].
Adverse health effects in children were determined on 
the basis of responses to the questions on ever doctor-
diagnosed asthma, ever doctor-diagnosed spastic bron-
chitis, current (within last 12 months) and ever asthma 
medication use, current (within last 12 months) and ever 
chest wheeze, current (within last 12 months) and ever dys-
pnea attack, current (within last 12 months) and ever run-
ny nose, current (within last 12 months) persistent cough, 
and ever doctor-diagnosed allergic rhinitis.
Categorical variables were presented as frequencies and 
percentages. Continuous variables were expressed as the 
mean and standard deviation (SD), or as median and 
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fic-related air pollution are shown in Table 2. The most 
frequent respiratory tract disorder in the study popula-
tion was runny nose (> 40%), while asthma was reported 
in 5% of the children. The analysis performed by the au-
thors showed that respiratory health problems occurred 
more frequently in children living in the vicinity of a main 
road. Evidently, spastic bronchitis and runny nose were 
not statistically significant. Similarly, children living in 
the area with high traffic intensity often reported respira-
tory health problems, but statistically significant associa-
tion was observed only for asthma, current and ever chest 
wheezes, dyspnea attack, ever runny nose, and current 
persistent cough.
Table 3 displays lung function and skin prick tests in chil-
dren, and their comparison between the groups defined by 
self-reported exposure to traffic-related air pollution. The 
mean FVC, FEV1 and percent predicted FEV1 amounted 
to M±SD = 3.62±0.72 l, 3.19±0.62 l and 88.7±7.9%, 
respectively. Interestingly, all the analyzed pulmonary 
function indices did not differ significantly between the 
exposed and unexposed group.
The authors also conducted sensitivity analysis, excluding 
children with prior asthma diagnosis and children with 
current asthma medication use. The obtained results did 
not differ from those presented here (data not shown).
Almost half of the children (47.1%) showed sensitization 
to at least 1 of the tested allergens (Table 3). The most 
frequent sensitization was to house dust mites (30.9%), 
followed by flour mites (26.6%) and grass pollen (21.9%). 
Boys were more likely than girls to have positive skin prick 
tests only in the case of grass pollen (25.7% vs. 18.8%, 
respectively; p = 0.01) and flour mites (30.2% vs. 23.6%, 
respectively; p = 0.02).
In addition, a comparison between the exposed and unex-
posed group did not reveal any statistically significant dif-
ferences in the prevalence of sensitization, with 1 excep-
tion, namely the positive skin prick test to Cladosporium 
herbarum. Sensitivity to Cladosporium herbarum was more 

road was the place of residence of 194 (20.7%) children, 
while 408 (43.6%) children lived in the area with high traf-
fic intensity. The interaction between these 2 surrogates of 
exposure to traffic-related air pollution is presented in the 
Venn diagram (Figure 1).
Descriptive characteristics of the participants are present-
ed separately in Table 1 for the 2 surrogates of exposure to 
traffic-related air pollution. There were slightly more girls 
(55.1%) than boys in the studied group. Most of the children 
were from moderately educated families. Mothers of 51% 
of the children completed at least high school education, 
and the majority of them were employed (83.1%). House-
hold smoking was significantly frequent (65.6%) in the study 
group. Most of the houses where the children lived had coal-
based heating (60.8%), and the traces of moistures or moulds 
were present in half of them. A higher socio-economic status 
of parents was more common in the area with lower expo-
sure to traffic-related air pollution, whereas coal-based heat-
ing and traces of moisture or mould were more frequent in 
the area with higher exposure to traffic-related air pollution.
The prevalence of respiratory health problems in children 
and their association with self-reported exposure to traf-

33 247161

Main road
(N = 194)

Traffic intensity
(N = 408)

Figure 1. Children exposed to traffic-related air pollution, 
living in the Chorzów city, according to the defined surrogates 
of exposure in the cross-sectional study conducted in 2004–2005 
in Chorzów (Silesia, Poland), involving adolescents (N = 936) 
aged 13–15 years, attending junior high schools – Venn diagram
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Table 3. Lung function and skin prick tests according to exposure to traffic-related air pollution (N = 936) in the cross-sectional study 
conducted in 2004–2005 in Chorzów (Silesia, Poland) among adolescents (N = 936) aged 13–15 years, attending junior high schools

Variable

Subjects

total living in the vicinity of a main road p traffic intensity near the place  
of residence p

no yes low high

Lung function (M±SD)

FVC [l] 3.62±0.72 3.63±0.71 3.59±0.77 0.48 3.62±0.71 3.62±0.74 0.91

FEV1 [l] 3.19±0.62 3.20±0.61 3.17±0.65 0.51 3.20±0.62 3.19±0.62 0.81

%FEV1 88.70±7.90 88.61±7.75 89.06±8.45 0.48 88.78±7.94 88.61±7.86 0.76

FEV1/FVC [%] 88.57±7.34 88.55±7.40 88.63±7.11 0.90 88.70±7.30 88.40±7.39 0.55

PEF [l/s] 6.11±1.29 6.11±1.27 6.11±1.35 0.99 6.14±1.30 6.07±1.27 0.36

MEF [l/s]

MEF25 5.54±1.24 5.54±1.23 5.58±1.25 0.68 5.59±1.26 5.49±1.21 0.25

MEF50 4.17±1.05 4.17±1.05 4.14±1.05 0.72 4.18±1.07 4.15±1.02 0.60

MEF75 2.27±0.79 2.29±0.80 2.20±0.76 0.16 2.29±0.82 2.25±0.76 0.44

MEF25–75 3.72±0.97 3.73±0.97 3.67±0.98 0.44 3.72±0.98 3.72±0.95 0.97

Prick tests [n (%)]

any antigen 441 (47.1) 351 (47.3) 90 (46.4) 0.82 251 (47.5) 190 (46.6) 0.77

mixed grass pollen 205 (21.9) 159 (21.4) 46 (23.7) 0.49 116 (22.0) 89 (21.8) 0.95

mixed weed pollen 164 (17.5) 129 (17.4) 35 (18) 0.83 94 (17.8) 70 (17.2) 0.80

Betula alba 77 (8.2) 59 (8.0) 18 (9.3) 0.55 48 (9.1) 29 (7.1) 0.27

Corylus avellana 61 (6.5) 48 (6.5) 13 (6.7) 0.91 34 (6.4) 27 (6.6) 0.91

Alternaria tenuis 63 (6.7) 47 (6.3) 16 (8.2) 0.34 35 (6.6) 28 (6.9) 0.89

Cladosporium herbarum 26 (2.8) 15 (2.0) 11 (5.7) 0.01 14 (2.7) 12 (2.9) 0.79

Aspergillus fumigatus 17 (1.8) 12 (1.6) 5 (2.6) 0.37 9 (1.7) 8 (2.0) 0.77

house dust mites 289 (30.9) 225 (30.3) 64 (33) 0.47 157 (29.7) 132 (32.4) 0.39

flour mites 249 (26.6) 199 (26.8) 50 (25.8) 0.77 141 (26.7) 108 (26.5) 0.94

Acarus siro 140 (15) 112 (15.1) 28 (14.4) 0.82 79 (15.0) 61 (15) 1.00

Tyrophagus putrescentiae 108 (11.5) 85 (11.5) 23 (11.9) 0.88 57 (10.8) 51 (12.5) 0.42

Lepidoglyphus destructor 106 (11.3) 79 (10.6) 27 (13.9) 0.20 58 (11.0) 48 (11.8) 0.71

cockroach 51 (5.5) 39 (5.3) 12 (6.2) 0.61 29 (5.5) 22 (5.4) 0.95

dogs’ fur 50 (5.3) 36 (4.9) 14 (7.2) 0.19 26 (4.9) 24 (5.9) 0.52

cats’ fur 90 (9.6) 65 (8.8) 25 (12.9) 0.08 44 (8.3) 46 (11.3) 0.13

FEV1 – forced expiratory volume in 1 s; %FEV1 – percent predicted FEV1; FEV1/FVC – ratio of FEV1 to FVC; FVC – forced vital capacity; 
MEF – mid-expiratory flow; PEF – peak expiratory flow.
Bolded – statistically significant difference.
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traffic emission also contributes to polycyclic aromatic hy-
drocarbons (PAHs) pollution, including benzo(a)pyrene, 
which has a higher concentration in Poland [36]. The best 
exposure measurements are necessary to assess the causal 
relationship between the observed health phenomena 
and exposure to this risk factor, but in the case of a lack 
of direct or individual measurements of such exposure, 
it is possible to use an indirect route. In environmental 
epidemiology studies, it is common to use the distance to 
the place of residence from sources of hazard pollutant 
emissions, including roads with high traffic intensity, as 
an exposure measure [37]. Recent studies have indicated 
that higher exposure to carbon monoxide, fine particulate 
matter or black smoke, which are typical ambient air pol-
lutants from transportation, affects people living in the 
vicinity of roads with heavy traffic in the Upper Silesian 
industrial zone [21].
The aim of the study was to assess the prevalence of respi-
ratory diseases and disorders, as well as lung functions, in 
adolescents living in the vicinity of main roads in one of 
the biggest cities in the Silesian Agglomeration.
The obtained results suggest that a indirect measurement 
of exposure, expressed by the declared place of residence 
in the vicinity of a main road or a road with high intensity 
traffic, could be useful to describe the risk of being ever 
diagnosed with asthma, and chest wheeze or dyspnea at-
tack being ever declared by parents, among children living 
in Chorzów (Tables 4 and 5). Moreover, the frequency of 
all the health outcomes presented in Table 2 was higher 
in those adolescents who lived close to a  main road or 
a road with a high density of traffic intensity. These results 
are consistent with earlier data from the Upper Silesian 
region [21], as well as with other published observations, 
where self-reported data of exposure to traffic-related air 
pollution were also used [38–42].
A recent study has indicated that analyses of the relation-
ship between pro-inflammatory effects of ambient air pol-
lution and asthma should be based on the concentration of 

frequent in children living within the vicinity of a  main 
road than in children living farther from a  main road 
(5.7% vs. 2.0%, respectively; p = 0.01).
The authors performed multivariable logistic regression to 
assess the association between selected adverse health ef-
fects and the surrogates of exposure to traffic-related air 
pollution, with adjustment to the following confounders: 
gender, BMI, maternal employment, exposure to environ-
mental tobacco smoke at home, type of heating, traces of 
moisture or moulds in the place of residence, and parental 
allergy (Tables 4 and 5). A higher prevalence of asthma, 
wheezes, dyspnea attack, and allergic rhinitis remained 
statistically significant in children living in the vicinity of 
a main road, while asthma, wheezes, and dyspnea attack 
remained statistically significant among children living in 
the area with high traffic intensity, after adjustment for 
confounders. Wheezes were more common in boys than 
in girls. Higher BMI was related to a more frequent di-
agnosis of asthma, spastic bronchitis and allergic rhinitis. 
Exposure to ETS at home was associated with a  higher 
prevalence of spastic bronchitis, ever experienced wheez-
es, and dyspnea attack. Asthma and spastic bronchitis, as 
well as wheezes and dyspnea attack, were more frequent 
in children living in houses with the coal-based heating 
system. Traces of moisture or moulds in the place of resi-
dence were associated with a higher prevalence of ever ex-
perienced wheezes and runny nose. Additionally, children 
were more likely to have dyspnea attack or runny nose, 
and allergic rhinitis, when their parents declared allergy.

DISCUSSION
Public interest on the impact of ambient air quality on the 
population health, especially on the respiratory system in 
children, leads to many protests in Poland each year. Cur-
rent data from the European Environment Agency (EEA) 
indicate that a significant share of fine dust, nitrogen ox-
ides, ozone and carbon monoxide in air pollution is re-
lated to car traffic [36]. It is not without significance that 
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tion [51,52]. It is worth mentioning that, according to the 
data provided by the general traffic measure in Poland for 
the year 2005, the average daily traffic on national roads 
in the Silesian Voivodeship was 13 433, and it was mainly 
(70%) the passenger car traffic [13]. Consequently, the 
low response rate (25%) may be an issue. People with re-
spiratory health symptoms are more likely to participate 
in such surveys [56], which could cause self-selection bias 
towards a  higher prevalence of the analyzed respiratory 
diseases and disorders. Interestingly, research conducted 
in Norway showed a  similar prevalence of physician-di-
agnosed asthma in responders and non-responders, while 
the prevalence of chronic cough and asthma medication 
use was overestimated [57]. Nevertheless, no analysis of 
non-responders was possible in this study. Further bias, 
related to the potential reduction in the number of ana-
lyzed observations caused by missing data, was diminished 
by the use of multiple imputation method in the logistic 
regression analysis.
It should be noted that the use of indirect methods of the 
specification of exposure to traffic-related ambient air pol-
lution, like the vicinity of a main road or traffic intensity, 
to assess the potential adverse health effects, may be use-
ful in documenting the influence of road transport on the 
children’s respiratory tract. A questionnaire addressed to 
parents may be used to select a group of children for whom 
the clinical assessment of the respiratory status should be 
made to unambiguously assess the relationship between 
traffic and their respiratory health.

CONCLUSIONS
Children living in the vicinity of main roads, or within the 
area characterized by high traffic flow, have been more 
frequently diagnosed with asthma or other adverse respi-
ratory tract symptoms. The data presented in this study 
have not confirmed the statistically significant relation be-
tween the studied surrogates of exposure to traffic-related 
air pollution and spirometry indices, or the prevalence of 

total emission from transportation, rather than on individ-
ual pollutants like PM (particulate matter) or PAHs [43]. 
Moreover, results of the ESCAPE study have confirmed 
the deleterious effect of air pollution on asthma incidence 
in adults [44]. It is worth mentioning that cohort studies 
have reported no significant association between air pol-
lution exposure and childhood asthma prevalence in 5 Eu-
ropean birth cohorts [45], and they do not show a  con-
sistent association between chronic bronchitis symptoms 
and current traffic-related air pollution in adult European 
populations [46].
Unlike other research studies [47–50], the results presented 
by the authors did not confirm a statistically significant as-
sociation between residing in the vicinity of the area with 
intense traffic and lung function indices, or the frequency 
of positive skin prick tests, in the studied children, except 
Cladosporium herbarum (Table 3). On the one hand, these 
findings could be explained by the labile course of asthma 
in young people and the fact that the examination of lung 
functions was performed only once. Likewise, it cannot be 
excluded that the observed elevated frequencies of adverse 
respiratory health effects in children living close to the main 
road were due to over-reporting of traffic intensity [51,52].
An important determinant of a child’s health status could 
be the socio-economic status of his/her family, includ-
ing the level of parental education or employment [53]. 
Results of a simple analysis suggested that a higher level 
of maternal and paternal education was statistically sig-
nificantly associated with lower environmental exposure in 
children (traffic-related air pollution). However, the mul-
tivariable analysis did not confirm a significant association 
between the available socio-economic status factors and 
health outcomes in children.
There are some limitations of the study, the first being 
that cross-sectional design has known limits [54,55]. More-
over, due to the lack of direct traffic measurements in the 
Chorzów city, additional bias could be introduced by the 
use of self-reported exposure to traffic-related air pollu-
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7.	Gauderman  WJ, Avol  E, Gilliland  F, Vora  H, Thomas  D,  
Berhane K, et al. The effect of air pollution on lung devel-
opment from 10 to 18 years of age. N Engl J Med. 2004; 
351(11):1057–67, https://doi.org/10.1056/nejmoa040610.

8.	Li S, Williams G, Jalaludin B, Baker P. Panel studies of air 
pollution on childrens’ lung function and respiratory symp-
toms: a literature review. J Asthma. 2012;49(9):895–910, 
https://doi.org/10.3109/02770903.2012.724129.

9.	Fuertes E, Bracher J, Flexeder C, Markevych I, Klümper C, 
Hoffmann  B, et al. Long-term air pollution exposure and 
lung function in 15 year-old adolescents living in an urban 
and rural area in Germany: The GINIplus and LISAplus co-
horts. Int J Hyg Environ Health. 2015;218(7):656–65, https://
doi.org/10.1016/j.ijheh.2015.07.003.

10.	Gehring U, Gruzieva O, Agius RM, Beelen R, Custovic A, 
Cyrys  J, et al. Air pollution exposure and lung function 
in children: the ESCAPE project. Environ Health Per-
spect. 2013;121(11–12):1357–64, https://doi.org/10.1289/ehp. 
1306770.

11.	European Environment Agency. The European environ-
ment – state and outlook 2015: synthesis report [Internet]. 
Copenhagen: 2015 [cited 2018 Mar 27]. Available from: 
https://www.eea.europa.eu/soer-2015/synthesis/report/ac-
tion-download-pdf.

12.	Chafe Z, Brauer M, Héroux ME, Klimont Z, Lanki T, Sa-
lonen  RO, et al. Residential heating with wood and coal: 
health impacts and policy options in Europe and North 
America. WHO Regional Office for Europe; 2015.

13.	Opoczyński  K. [General traffic measure 2005]. Warsaw: 
General Directorate for National Roads and Highways; 
2006. Polish.

14.	Van Vliet P, Knape M, de Hartog J, Janssen N, Harssema H, 
Brunekreef  B. Motor vehicle exhaust and chronic respira-
tory symptoms in children living near freeways. Environ Res. 
1997;74(2):122–32, https://doi.org/10.1006/enrs.1997.3757.

15.	Künzli  N, Kaiser  R, Medina  S, Studnicka  M, Chanel  O, 
Filliger  P, et al. Public-health impact of outdoor and traf-
fic-related air pollution: a European assessment. Lancet. 

positive skin prick tests. The vicinity of a  main road, as 
well as traffic intensity, may be useful in assessing the rela-
tionship between road transport and potential respiratory 
health problems among exposed inhabitants.
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