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Abstract \
ckground: To evaluate the changes of mortality among children aged 1-14 yr due to road traffic injury and

related demographic and economic factors in an ecological study undertaken in 33 European countties.
Methods: Information about mortality due to road traffic injury among children aged 1-14 yr in European
countries was obtained from the WHO database. Changes in the mortality for the years 2000-2009 were esti-
mated as linear regression. These deaths were correlated with demographic and economic factors.

Results: The greatest burden of child mortality due to road traffic accidents was observed in Baltic States, three
times lower mortality levels than that in Northern States. Between 2000 and 2009, there was a significant reduc-
tion (P<0.05) in mortality among children aged 1-14 yr in Southern-West countries and Western countries, 14
yr in Central and Eastern countries, and 5-14 yr in Northern countries. Mortality due to road traffic injury
among boys was strongly associated with the level of urbanization. Both sexes showed strong negative correla-
tions with the economic level and strong positive correlations with income inequality.

Conclusion: Although in European countries the mortality of children due to traffic injury was considerably
reduced, efforts should be made to educate and design a safe environment.

@WOI‘C‘SZ Children; Road traffic injuries; Inequalities in health; Urbanization; Economic status J

Introduction

Road traffic injuries (RTIs) involving children are children below 15 yr of age (1). The majority of
a major public health concern worldwide. In Eu- them were killed in traffic accidents during
rope, the most common fatal victims of traffic school holidays, i.e., in the evening from 4 to 8
accidents among pedestrians (48%), motorists p.m., on Saturdays and in the July—August holi-
(32%), cyclists (9%), and motorcyclists (6%) were day months (2, 3). The involvement of children
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in road traffic was associated with the risk of
RTIs because they were unprotected road users
such as pedestrians and bicyclists (4, 5).

Among children, the most common type of RTI
was traumatic brain injury and organ injuries of
the abdomen and chest. Traffic accidents can
lead to disability, cause life-long physical pain,
and mental consequences (1). Estimated calcula-
tions indicate that in 2013, RTIs accidents ac-
counted for 3.6% of all disability-adjusted life
years lost in the age group 10—14 (6). In addition
to disability, the tragic consequences of RTTs also
led to the deaths of children.

In the era of automotive development, RTIs
among children were leading causes of death,
more often than neoplasms and congenital mal-
formations (4, 7). The WHO indicates that the
burden of RTIs varies considerably across the
wortld (4). Deaths of children in RTIs accounted
for 93% in low- and middle-income countties,
mainly in South-East Asia, Africa, and the Pacific
region. In the European Region, mortality due to
RTIs was relatively lower, but disparities between
high-income countties (5.2/100.000) and low-
and middle-income countries (8.3/100.000) were
observed (4). To our knowledge, no study has
been conducted in European countries to assess
the inequalities in demographic and economic
factors that are associated with RTTs. These fac-
tors are beyond the control of children, but their
identification can reduce the risk of avoidable
deaths in children (8).

We aimed to assess the changes in mortality
among children aged 1-14 yr due to RTIs and
related demographic and economic factors in an
ecological study undertaken in 33 European
countries.

Materials and Methods

The analysis was based on information about the
deaths of children aged 1-14 yr, due to RTIs
defined by the symbol V01-V99 in the Interna-
tional Statistical Classification of Diseases (ICD-
10) (9). The present analysis was based on 33 out
of 43 countries. Seven countries were excluded
owing to the low number of deaths due to RTIs
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occurring therein (Bosnia and Herzegovina, Ice-
land, Luxembourg, Malta, Monaco, Montenegro,
and San Marino). Another three countries (Cy-
prus, Russian Federation, and Turkey) were ex-
cluded because they classified into the Euro-
Asian counttries.

National registries of death resulting from RTIs
took into account different definitions relating to
the time elapsed from the occurrence of the
event to the death recognized because of acci-
dents. In most European countries, the 30-day
criterion applies, whereas in Portugal, the Repub-
lic of Moldova and Slovakia there is a different
system, which may result in an inconsistency in
the estimation of results (10). For this reason,
additional analyzes were also performed exclud-
ing those countries where no significant differ-
ences in the estimated coefficients were ob-
served, so the results are presented for the full
model of all analyzed counttries.

The European countries were divided into six
groups: Baltic (Estonia, Latvia, and Lithuania);
Central-Eastern (Belarus, Bulgaria, Czech Repub-
lic, Hungary, Poland, Republic of Moldova, Ro-
mania, Slovakia, and Ukraine); Northern (Den-
mark, Finland, Ireland, Norway, Sweden, and
United Kingdom); Southern-East (Albania, Croa-
tia, Greece, Macedonia, and Serbia); Southern-
West (Italy, Portugal, Slovenia, and Spain); and
Western (Austria, Belgium, France, Germany,
Netherlands, and Switzerland).

We analyzed the mortality rate due to RTIs by
sex in the age groups 1-4 and 5-14 yr, computed
per 100,000 population. In addition, three macro-
level factors were used in the analysis: the degree
of urbanization, Gross Domestic Product (GDP)
per capita and Gini coefficient. The Demograph-
ic variable included urbanization as a percent of
the urban population, according to criteria used
by each country. The Economic variable that
measures national wealth was GDP in US$ per
capita, which represents the sum of gross value
added by all resident producers in the economy
plus any product taxes and minus any subsidies
not included in the value of the product, divided
by the mid-year population; and Gini coefficient
represented income inequality at the social level,
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the value ranging from 0 (no inequality) to 1 (to-
tal inequality). Information on the deaths and
demographic and economic factors in the Euro-
pean countries for the years 2000-2009 came
from the WHO database (11).

Mortality rates for RTIs in European countries
between the years 2000 and 2009 were described
by the mean and standard deviation. Comparison
of the distribution of mortality rates between
boys and girls was performed using the Student’s
t-test for dependent pairs.

Time trend analysis of crude mortality rates due
to RTIs, stratified by age categories and groups
of countries, was performed using Weighted
Least Squares regression models under the as-
sumption of a Poisson error structure. The
method allows to correct for random fluctuations
in the size of populations and to provide greater
stability of mortality rates due to RTIs. Results of
the estimated changes were presented as (-
coefficients and their associated 95% confidence
interval. To investigate the relationship between
demographic and economic factors, and mortality
rates due to RTIs by gender and age category, the
Spearman rank correlation was used.

All statistical hypotheses were verified at a signif-

icance level of 0.05. Data were analyzed using
IBM® SPSS® ver.22 (Chicago, 1L, USA).

Results
In the analyzed European countries for the years

2000-2009, the total number of deaths due to
RTIs among boys aged 1-14 yr was 12,649,

which accounted for 12.6% (95% CI: 12.4-12.8)
of all deaths. The number of deaths among girls
was significantly lower (7,790) as compared with
that of boys, and those occurring due to RTIs in
all deaths were 11% (95% CI: 10.8-11.2). Mortal-
ity due to RTIs among children aged 1-14 years
was unevenly distributed among European coun-
tries (Fig. 1). The low mortality burden of RTTs
among children aged 1—4 yr was found in Swe-
den, the United Kingdom, the Netherlands, and
Germany. In the older age group of 5-14 yr, the
lowest values of mortality ratios were found in
Sweden and Norway. High rates of mortality due
to RTIs among both boys and girls aged 1-14 yr
occurred in Lithuania, Romania and the Republic
of Moldova, and among girls aged 1-4 yr in Bul-
garia and boys aged 5-14 yr in Latvia and Esto-
nia.

In the analyzed groups of European countries,
the lowest burden of child mortality due to RTIs
was observed in Northern states among boys and
gitls  aged 1-4 yr (1.37/100,000 and
1.09/100,000, respectively) and between 5 and 14
years (1.99/100,000 and 1.07/100,000, trespec-
tively). Three-fold higher values of mortality rates
were found in Baltic states among boys and girls
aged 1-4 yr (5.23/100,000 and 3.02/100,000,
respectively) and aged 5-14 yr (6.59/100,000 and
3.64/100,000, respectively). Differences between
boys and girls in mortality due to RTIs at 1-14 ys
were statistically significant (P<0.05), except
Southern-West and Western countries in the
younger age group of 1-4 years (Table 1).

Table 1: Average mortality rates due to road traffic accidents among children aged 1-14 years by sex, in European
countries during the period 2000-2009

Countries Ages 1-4 (yr) Ages 5-14 (yr)
Boys Girls p* Boys Girls pP*
X SD X SD X SD X SD

Baltic 5.23 2.29 3.02 1.24 0.007 6.59 1.74 3.64 1.44 <0.001
Central-Eastern 3.38 0.55 2.76 0.49  <0.001 5.08 0.65 3.16 0.44 <0.001
Northern 1.37 0.30 1.09 0.28 0.040 1.99 0.45 1.07 0.24 <0.001
Southern-East 3.09 0.99 1.90 0.53 0.009 3.47 0.66 2.08 0.54 <0.001
Southern-West 1.89 0.41 1.65 0.78 0.13 2.66 0.78 1.48 0.46 <0.001
Western 1.67 0.47 1.37 0.42 0.01 2.06 0.64 1.40 0.46 0.001

Abbreviations: X , mean; SD, standard deviation.
*Student’s #test for dependent pairs
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From 2000 to 2009, significant reductions in
mortality due to RTIs among boys and girls aged
1-4 yr due to RTIs occurred in Central-Eastern,
Southern-West, and Western states. In this age
group in Southern-Fastern states, the reduction
in mortality was only among the male gender.
Significant reduction in mortality among boys
aged 5-14 yr was observed in all the analyzed
regions, especially in Baltic countries, whereas
among girls in Southern-West, West, and North-
ern states. Reduction in mortality was more rapid
among boys than among girls, especially in the
age group 5—14 yr (Table 2). There was a strong
relationship between the demographic and eco-

nomic characteristics and mortality due to RTIs
among children aged 1-4 and 5-14 yr (Table 3).
The increase in urbanization was found to be
associated with a significant reduction in mortali-
ty among boys aged 1-4 and 5-14 yr. The
strongest significant negative relationship was
observed between GDP and mortality due to
RTIs among children in both age groups and
gender. In 2000, the correlation coefficients be-
tween GDP and mortality due to RTIs aged 5-14
yr were up to —0.78 and —0.67, respectively. In
children aged 5-14 yr, strong positive correla-
tions were observed with income inequality.

Table 2: Trends in mortality rates due to road traffic accidents among children aged 1-14 years by sex, in European
countries (for years 2000-2009)

Country Boys Girls

Ages 1-4(yr)

Boys Girls
Ages 5-14(yr)

B- coefticient (95% CI)

Baltic —-0.40 (-0.81, 0.01)
Central-Eastern —-0.16 (-0.25, -0.08)
Northern —0.05 (-0.12, 0.03)
Southern-East —0.18 (-0.36, -0.002)
Southern-West —0.11 (-0.16, -0.05)
Western —0.14 (-0.20, -0.09)

0.01 (=0.32, 0.35)
~0.15 (~0.19, —0.11)
~0.05 (~0.12, 0.02)
0.02 (=0.10, 0.14)
~0.13 (=021, -0.06)
—0.11 (~0.18, —0.04)

~0.37 (-0.75, -0.01)
~0.15 (=027, —0.06)
~0.14 (=0.18, -0.09)
~0.17 (=0.31, -0.06)
~0.26 (~0.31, -0.20)
~0.20 (~0.26, -0.13)

—0.04 (~0.42, 0.35)
~0.08 (=0.18, 0.02)
~0.07 (=0.12, -0.03)
~0.08 (=0.23, 0.08)
~0.13 (=0.18, -0.08)
~0.07 (=0.10, —0.04)

Abbreviation: CI, confidence interval.

Table 3: Correlation between demographic and economic characteristics and mortality rates due to road traffic acci-
dents among children aged 1-14 years by sex in European countries

Variable Boys Girls Boys Girls
Ages 1-4(yr) Ages 5-14(yr)
Urbanization rho rho rho rho
2000 —0.63%%* —0.31t —0.45%* —0.341
2009 —0.61%kk —0.30t —0.47%¢ —0.33t
GDP
2000 —0.65%k* —0.46%* —0.78%k* —0.677k*
2009 —0.61%kk —0.42% —0.73%kk —0.62%k*
Income inequality
2000 0.46* 0.43t 0.60%* 0.59%*
2009 0.33t 0.34t 0.45* 0.37*

Abbreviation: GDP, Gross Domestic Product, tho- Spearman rank correlation coefficient

tP < 0.1,"P < 0.05, P < 0.01, **P < 0.001
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Discussion

In European countries, there are significant dis-
parities in mortality due to RTIs among children
aged 1-14 years. The highest levels of mortality
occurred in the Baltic States, whereas 3 times
lower rates were observed in Northern states. In
the years 2000-2009, RTIs among children aged
1-14 years significantly decreased in Southern-
West and Western countries, 1-4 yr in Central-
Eastern and 5-14 yr in Northern countries. Mot-
tality due to RTIs among boys were strongly as-
sociated with the level of urbanization. Both sex-
es showed strong negative correlations with eco-
nomic level and strong positive correlations with
income inequality. Similar results that showed the
decrease of mortality due to RTIs was confirmed
by studies performed in the United States, Aus-
tralia, and Iran (12-14, 16). There are also studies
suggesting stagnant or increasing mortality trends
due to RTIs in most developing countries (15).
Observations regarding lower exposure to mor-
tality due to RTTs in children in urban areas were
confirmed by other authors (13, 16-18).The Eco-
nomic disadvantage that increases a child’s risk of
mortality due to RTIs were in line with other
papers (19, 20).

In European countries, there were significant
inequalities in the health of children aged 1-14 yr
with differences in mortality due to RTIs. Mortal-
ity in Northern Europe (Denmark, Finland, Ire-
land, Norway, Sweden, and United Kingdom),
which was 3 times lower than that in the Baltic
states (Estonia, Lithuania, and Latvia) and some
Central-Eastern countries (Bulgaria, Republic of
Moldova, and Romania) was strongly associated
with the level of economic development and in-
come inequality. Similar results have been report-
ed in other studies (20, 21-23), but it should be
noted that economic differences shape different
opportunities for the implementation of road
safety strategies and programs, the development
of road infrastructure ,and the availability of
medical care. In addition to economic determi-
nants, the possible explanation for inequalities
among mortality of children due to RTIs were
the differences resulting from ineffective en-
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forcement, including the control of risk factors
such as speed, alcohol consumption and use of
safety devices: child safety seats, safety helmets,
safety belts (10, 22, 24). Unfortunately, half of the
countries in the Huropean region did not have
comprehensive provisions on the control of risk
factors (25). Only two countries (Czech Republic
and Sweden) have adopted the infrastructure and
had the capacity to take related actions to support
child safety, four countries (Belgium, Germany,
Hungary, and Sweden) reported that injury pre-
vention has been identified as a national priority
by the government. Differences in mortality of
children among European countries can be inter-
preted as a measure of prevention potential and
an indication for action in countries with worse
outcomes. Interventions to modify dangerous
environments through a combination of engi-
neering, education and enforcement should be
targeted specifically at children from low-income
families, at risk of multiple-generation poverty,
and adapted to the rural environment (20).

Mortality due to RTIs among children younger
than 15 yr in the years 2000-2009 decreased in
Southern-West and Western countries, and this
result was consistent with that of other authors
(12-14, 16). In many countries, this trend has
been observed since the middle of the last centu-
ry, which may be due to the introduction of road
safety measures (27, 28). The results of this study
indicate that in Northern countries, among chil-
dren aged 1—4 yr, there was no change in mortali-
ty, but the values in this age group were relatively
low, which may explain the lack of significant
dependence. In contrast, in the Baltic and South-
ern-East countries, insignificant results for the
trend of mortality can be explained by poorer
road safety achievements (26). In general, high-
income European countries have adopted many
preventive measures to avoid RTIs among chil-
dren. Consequently, these countries have exam-
ples of good practices that have the potential to
reduce child mortality. In Sweden, road safety
reform strategies are based on the Vision Zero
approach, where life and health cannot be com-
promised for any other benefit to society.
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Vision Zero is a program of research and imple-
mentation of solutions aimed at successively re-
ducing RTTs aimed at the non-acceptance of road
deaths (29). This concept adopts a new philoso-
phy, according to which the child should not
adapt to road conditions, but the road conditions
should be adapted to the limitations of the child
(30). This approach has contributed to the reduc-
tion of children’s mortality due to RTIs by im-
proving traffic planning, separating bicycle paths
from pedestrian pathways, the emergence of safer
vehicles, and the right equipment in cars to in-
crease the safety of children who are traveling.
Moreover, the impact on the reduction of road
traffic victims was also a consequence of the de-
crease in the number of free-traveling children
and cyclists (31). This example shows that the
most important element of road safety for chil-
dren is to create a safe environment for them. To
mitigate RTTs, Sweden focuses on designing road
infrastructure and reducing speed.

In European countries, mortality due to RTIs of
children aged 1-14 yr was associated with the de-
gree of urbanization and the level of economic
development. The risk of mortality due to RTIs
among children is often the result of multiple sim-
ultaneous influences, including environmental,
socioeconomic, behavioral, regional, and demo-
graphic characteristics (32). The importance of
explaining the risk of mortality caused by RTIs
may be inhabited, constituting a heterogeneous
category of the rural-urban continuum (33-35).
The urban living environment was significantly
less exposed to RTIs, which was conditioned by
the economic resources that enable better road
infrastructure (17, 36). In addition, urban traffic
safety was controlled more frequently in urban
areas, and law enforcement was more effectively
enforced (17, 37). However, in rural areas, drivers
were more likely to drive under the influence of
alcohol and at higher speeds, so children who
were biking or walking were more likely to be ex-
posed to RTTs (17, 21). In rural areas, injury sever-
ity was much higher compared with that in urban
areas, which was magnified due to delays in medi-
cal aid arriving at the scene and transporting the
injured to the hospital (38). Differences in income
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levels between rural and urban areas may entail the
purchase of safety equipment or safer cars but also
differences in educational levels that determine the
use of seat belts and children’s safety seats (19,
36). An important factor in protecting against
RTIs was the education of children; however, def-
icits in this area reduce the equal opportunities for
rural and urban students in accessing resources
that can protect against RT1s.

In most European countries, sex was associated
with the occurrence of inequalities in health, mani-
festing with significantly higher mortality due to
RTIs among boys. This phenomenon can be ex-
plained by the biological and sociocultural differ-
ences that affect the health behaviors and attitudes
toward health (36). Boys are more impulsive and
willing to engage in risky behaviors, which is also
due to the tendency to react to peer pressure. No
experience, bravado on the road, especially in bik-
ers less than 14 years contribute to the high risk of
mortality due to RTIs. Among girls, greater in-
volvement in housework and lower physical activi-
ty may act as a protective factor (4, 39). There is
therefore a need for knowledge-aimed actions
related to risk factors of RTIs at all stages of edu-
cation and appropriate media selection (16).
Ensuring children’s road safety, in addition to
their health benefits, can bring tangible economic
benefits in the form of reduced health care and
social services and greater productivity in the
future. It is estimated that counteracting child
RTTs is economically viable as the rate of return
of 1 dollar invested is $45 (40). Designing a safe
environment and promoting road safety can con-
tribute not only to the reduction of mortality but
also to the improvement of public health and the
quality of life. These actions should be given high
priority because of the unfavorable demographic
trends facing every child who becomes a valuable
asset to society as a whole.

The study’s limitation was the lack of detailed
information in the WHO databases on RTIs risks
(road conditions, driving speed, type of collision,
child safety, alcohol consumption by drivers).
These deficiencies made it impossible to identify
the more relevant causes of mortality due to RTTs
in children aged 1-14 years. On the other hand,
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our paper shows the mortality due to RTIs in 33
European countries among children aged 1-14 yr
by sex in the 10-year follow-up period. Research
on differences in mortality due to RTTs is neces-
sary to assess the scale of this problem and to
monitor the implementation of national road
safety strategies (26). Another advantage of this
study was the use of comparable mortality infor-
mation due to RTIs at national population levels,
resulting in high statistical power and estimation
of mortality relationships with demographic and
economic characteristics. The use of quantitative
measurement through a correlation-based ecolog-
ical study can provide an insight when individual-
level information is unavailable (37). The results
may point to further investigations into the caus-
es of childhood mortality due to RTTs, particular-
ly about rural-urban criteria.

Conclusion

Although in European countries, the mortality of
children aged 1-14 yr due to RTIs has signifi-
cantly decreased, this issue remains a challenge
for public health institutions. Territorial inequali-
ties between the Baltic and Northern countries in
the mortality of children due to RTIs indicate the
need to finance the design of a safe environment
with the use of road engineering, as well as edu-
cation and effective enforcement, especially in
less-urbanized areas.
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