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Abstract

Background: Traffic accidents are a major global public health problem with an impact on morbidity and mortality. Objective: The
aim of this study was to analyze the mortality trend from road accidents among young adults. Method: An ecological time-series
study was performed of the deaths of young (15-24 years old) in traffic accidents in the state of Parana, Brazil from 1996 to 2013.
Mortality data was obtained from the Mortality Information System. Mortality rates were calculated and the trend analysis was
performed through polynomial regression models. A trend was considered significant when the estimated model obtained a p-value
<0.05. Accidents involving tricycles were excluded from the analysis (58 cases). Results: Of the 12,063 deaths from road accidents,
82.0% were male. There was a significant and growing trend of accident mortality rates involving motorcyclists and car and pick-up
truck occupants, and a decreasing trend of fatal accidents involving pedestrians. The average mortality rate for accidents involving
motorcyclists was 10 deaths per 100,000 residents, an increase of 1.13 per year. Accidents involving car occupants increased
annually by 0.43 and accidents involving pick-up truck occupants by 0.01. Conclusion: There was a significant increasing trend
for fatalities of both genders, especially motorcyclists and car occupants. The pedestrian mortality trend has shown a decreasing
due to their lower exposure.
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Resumo

Introducao: Os acidentes de transito s&o um grande problema de saude publica global com impacto na morbimortalidade. Objetivo: O
objetivo deste estudo foi analisar a tendéncia de mortalidade dos acidentes de transito entre jovens adultos. Método: Trata-se de
um estudo ecoldgico, de séries temporais dos 6bitos ocorridos por acidente de transporte terrestre entre jovens (15 a 24 anos)
residentes no Estado do Parana, Brasil, no periodo de 1996 a 2013. Os dados de mortalidade foram obtidos no Sistema de
Informacgéao sobre Mortalidade (SIM). Calcularam-se os coeficientes de mortalidade e realizou-se a analise de tendéncia por meio
de modelos de regressao polinomial. Acidentes envolvendo triciclos foram excluidos da analise (58 casos). Resultados: Dos
12.063 6bitos ocorridos por acidentes de transporte, 82% eram com homens. Houve tendéncia crescente e significativa para
os coeficientes de mortalidade por acidentes para ambos os sexos ocorridos com motociclistas e ocupantes de automdveis e
caminhonetes. O coeficiente médio de mortalidade de acidentes envolvendo motociclistas foi de 10 ébitos por 100 mil residentes,
com aumento de 1,93 ao ano para homens e de 0,31 para mulheres (r> = 0,94). Acidentes que envolviam automoéveis mostraram
tendéncia crescente com aumento anual de 0,43, e acidentes envolvendo caminhonetes, de 0,01. Conclusao: Houve aumento
na tendéncia de fatalidades em ambos os sexos, especialmente entre motociclistas e ocupantes de automéveis. A mortalidade
entre pedestres mostrou tendéncia decrescente devido a menor exposicao.

Palavras-chave: coeficientes de mortalidade; epidemiologia; estudos de séries temporais; acidente de transito.
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INTRODUCTION

Traffic accidents are responsible for 1,240,000 deaths per year
worldwide, meaning that each day there are 3,397 people losingtheir
lives in this manner. Data show that such accidents are the 11*"
most common cause of death and the 9" most common cause of
sequelae among the general population. According to the World
Health Organization, traffic fatalities in Brazil were 37,233 cases,
and the most prevalent categories of vehicles were respectively
riders motorized (25%), pedestrians (23%) and occupants cars
(22%)'. A study from Parana that aimed to analyze the factors
associated with the occurrence of nonfatal traffic accidents
regarding age verified that demographic, environmental, and
logistical factors were associated with morbidity due to traffic
accidents among young people. This study showed that the main
predictors for the occurrence of accidents were being single,
having over 8 years of education, having had a driver’s license
for less than 3 years, roads with low luminosity, and driving
at night®. Young people are among the most productive age
groups in the population. This has significant economic, social
and emotional repercussions’.

Several studies have addressed traffic accidents, relating them
to variables such as age, gender, time of occurrence” as well
as to spatial distribution and environmental factors involved
in deaths on highways?®.

The patterns involved in such accidents® and the traffic
accident mortality rates by gender and age group as well as
mortality patterns, most at risk of death population, anatomical
distribution of injuries, relationship between stricter legislation
and a decrease in mortality in adolescents, and comparisons
between different population have also been studied'*.

However, to the best of the authors’ knowledge, there are
no studies involving a specific trend analysis of mortality from
traffic accidents among young adults, using data obtained at
regular time intervals including today, and addressing the
different categories of traffic accidents.

The aim of this study was to analyze the trend in mortality
from road accidents inyoung adults in Brazil between 1996
and 2013.

METHOD
Study population

It is an ecological time-series study of deaths from traffic
accidents among young adults (15-24 years old) residing in the
state of Parana, Brazil from 1996 to 2013. They were a total of
12,063 deaths in the period.

The State of Parana has 399 municipalities with a population
at 10,439,601 inhabitants in the 2010 population census, and
1,829,963 (17.5%) are young people (15-24 years old)™. At the
national level, the sate occupies the fifth position of the Gross
Domestic Product (GDP) and the Human Development Index

(HDI) (0.75) and third position in the concentration of the
circulating fleet and largest highway network in the country with
136,700km distributed in federal, state and municipal roads™.

Data acquisition

Secondary mortality data was obtained from the Mortality
Information System (MIS), provided by the Information
Department of the Unified Health System (DATASUS). Data was
collected in October 2016. This data source is available on the
open access and public domain®.

Variables

The International Classification of Diseases version 10
(ICD-10), under codes V01 to V89, was used to classify
the deaths. It was subdivided into the following categories,
according to the victim’s mode of transportation: pedestrian
(V01 to V09); bike (V10 to V19), motorcycle (V20 to V29), tricycle
(V30 to V39), car (V40 to V49), pick-up truck (V50 to V59),
heavy transport vehicle (V60 to V69), bus (V70 to V79), and
others (V80 to V89 - animal-drawn vehicle, train, special
transport vehicle, etc.).

Due to the low number of deaths of occupants of tricycles,,
they were excluded from the analysis of this study (58 cases).

Data analysis

Mortality rates were calculated by taking the number of deaths
of young adults (15-24 years) living in the state of Parand between
1996 and 2013 as the numerator, and the resident population
for the same age group, place and time as the denominator per
100,000 residents.

Seeking to mitigate the possible random fluctuations and
variations in the estimated deaths of the population, mortality
coefficients were grouped into six three-year periods: 1996-1998,
1999-2001, 2002-2004, 2005-2007, 2008-2010 and 2011-2013.

Trend analysis was performed using polynomial regression
models. This method was chosen due to its high statistical
power, and also due to its greater ease of formulation and
interpretation. A polynomial model attempts to find the curve
that best fits the data to describe the relationship between the
dependent variable Y (mortality rate) and the independent
variable X (year of study). The year variable was transformed
into centralized year (X-2003) and the series was smoothed
using a moving mean of three points (triennium) to avoid a
serial correlation between the terms of the regression equation.

The linear polynomial regression (Y=£ +£ X), quadratic
(Y= 8+8 X+ X*) and cubic (Y= +8 X+{ X*+88,X*) models
were tested. To choose the best model scattergram analysis of
the value of the determination coefficient (r*when closer to 1,
better adjusted depending on the model) and residual analysis
(assumption of true homoscedasticity) were considered.
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A trend was considered significant when the estimated model
obtained a p-value <0.05. When all criteria were significant for
more than one model and the determination coefficient was
similar, the simplest model was chosen. The statistical program
SPSS for Windows (version 21.0) was used.

RESULTS

A total of 11,167 deaths from road accidents in the state of
Parand from 1996 to 2012 were analyzed, with 9,154 (82.0%)
deaths of men and 2,013 (18.0%) deaths of women. In the
triennium 1996-1998, the male death rate was 57.5 deaths per
100,000 residents, rising to 66.8 in the triennium 2011-2013,
giving a relative increase of 16.1%. For females, the mortality
rate was 14.5 declined to 13.6, giving a relative decrease of
6.2% (Figure 1).

According to the terrestrial transport accident categories,
there was a significant increase in mortality for motorcycle
and car accidents, while a significant decrease was observed
for pedestrian deaths, with a reduction from 7.44 deaths per
100,000 residents in the triennium 1996-1998 to 3.21 in the
triennium 2011-2013. In the pickup-truck occupants’ category,
there was a small increase in mortality, while for bicycles the
rate dropped slightly (Figure 2).

In the first three years (1996-1998), pedestrian, car occupant
and motorcyclist occupied this order in mortality coefficient.
In the second triennium (1999-2001), it begins to change the

order of categories of vehicles. From the fourth triennium
(2005-2007), the prevalence of mortality stabilizes in motorcyclists,
car occupants, and pedestrians, respectively.

When the data related to gender was analyzed, mortality
was greater in men for all years and all categories, notably for
the motorcyclists, car occupants and pedestrians (Table 1).

Linear regression analysis showed a significant and growing
trend for accident mortality rates of motorcyclists, car and
pick-up truck occupants, and a decreasing trend for accidents
involving pedestrian deaths (Table 2).

The average mortality rate of accidents involving motorcyclists
was 10.0 deaths per 100,000 residents, having an increase of
1.13 per year (r2=0.94). Most of these deaths were male gender,
with an average rate of 17.46 and an annual increase of 1.94, in
comparison with females, among whom the average rate was
2.42, with an increase of 0.31 per year.

Accidents involving car occupants revealed an increasing
trend, with an annual increase of 0.43 and a greater incidence
(a mean rate of 14.26) and increase (0.57) among males than
among females (mean rate of 4.12 and a mean annual increase
of 0.27).

There was an increasing trend of mortality rates for accidents
involving pick-up truck occupants, with an annual increase
of 0.01, although the explanatory power of the model was
low (r? = 0.39). There was an increasing trend among males
(0.02 per year), while the mortality rate among females remained
constant, and was not statistically significant in this period.
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Figure 1. Mortality rate of road accidents in the 15-24 year age group from 1996 to 2013 in Parana, Brazil
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Figure 2. Mortality rates from specific types of traffic accidents in the 15-24 yearsold groups in Parana, Brazil, 1996-2013
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Table 1. Mortality rates for road accidents by gender, 15 to 24-year-old age group, from 1996 to 2013. Parang, Brazil

Category 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010 2011-2013
Pedestrian (Total) 7,44 4,63 5,08 4,26 3,76 3,21
Male 11,22 7,08 7,30 6,45 5,53 4,90
Female 3,66 2,16 2,84 2,03 1,94 1,49
Cyclist (Total) 1,15 1,36 1,80 1,44 1,23 0,92
Male 2,03 2,32 3,23 2,42 2,15 1,54
Female 0,26 0,40 0,36 0,45 0,29 0,29
Motorcyclist (Total) 3,37 5,07 7,36 13,55 15,94 16,27
Male 6,02 9,12 12,96 23,59 27,24 29,09
Female 0,72 0,99 1,70 3,35 4,37 3,27
Car occupant (Total) 7,20 6,87 9,08 10,68 11,44 10,76
Male 11,26 10,89 14,73 16,25 16,98 15,78
Female 3,14 2,82 3,37 5,02 5,78 5,66
Pick-up truck (Total) 0,17 0,26 0,39 0,24 0,38 0,34
Male 0,34 0,44 0,56 0,44 0,67 0,43
Female 0,00 0,07 0,21 0,03 0,07 0,25
Heavy transport (Total) 0,49 0,44 0,65 0,50 0,43 0,47
Male 0,94 0,87 1,16 0,85 0,84 0,75
Female 0,04 0,00 0,14 0,14 0,00 0,18
Bus (Total) 0,02 0,09 0,16 0,09 0,07 0,13
Male 0,04 0,15 0,17 0,10 0,14 0,11
Female 0,00 0,04 0,14 0,07 0,00 0,15

Table 2. Linear trend of mortality rates from traffic accidents, according to categories and gender in the 15-24 years old group in Parana, Brazil,
1996-2013
Category Model R? P Trend
Pedestrian 4.71-0.21x 0.79 <0.001 Decreasing
Male 7.00 - 0.32x 0.81 <0.001 Decreasing
Female 2.41 - 0.09x 0.67 <0.001 Decreasing
Cyclist 1.38 - 0.01x 0.04 0.467 Constant
Male 2.38 - 0.03x 0.05 0.419 Constant
Female 0.37 + 0.00x 0 0.968 Constant
Motorcyclist 10.00 + 1.13x 0.94 <0.001 Increasing
Male 17.46 + 1.94x 0.94 <0.001 Increasing
Female 242 +0.31x 0.95 <0.001 Increasing
Car occupant 9.22 +0.43x 0.9 <0.001 Increasing
Male 14.26 + 0.57x 0.86 <0.001 Increasing
Female 412 +0.27x 0.88 <0.001 Increasing
Pick-up truck 0.29 + 0.01x 0.39 0.012 Increasing
Male 0.49 + 0.02x 0.55 0.001 Increasing
Female 0.09 + 0.003x 0.05 0.42 Constant
Heavy transport occupant 0.50 - 0.005x 0.08 0.321 Constant
Male 1.00 - 0.01x - 0.004x* 0.52 0.005 Decreasing
Female 0.07 + 0.005x 0.11 0.23 Constant
Bus 0.09 + 0.003x 0.11 0.236 Constant
Male 0.12 + 0.002x 0.07 0.336 Constant
Female 0.06 + 0.004x 0.09 0.283 Constant

Table 2 also shows that, unlike the trends observed for accidents Trend analysis of mortality rates from traffic accidents over
involving motorcyclists, cars and pick-up truck occupants, the years can also be observed in the scattergram, where the
pedestrian deaths declined, especially among males, with a  standard of the coeflicients elevation of mortality for both genders
decrease of 0.32 per year and a model with high explanatory = presented higher coefficient for motorcyclists and occupants of

power (r’= 0.81). car and standard decrease for pedestrians (Figure 3).
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Figure 3. Scattergram of mortality rates for traffic accidents in the 15-24 yearsold group from 1996 to 2013 in Parana, Brazil
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DISCUSSION

Although several studies of trends in traffic accident mortality
exist, to the best of the authors’ knowledge, this is one of the
first studies to conduct a specific analysis of trends in traffic
accident mortality among young adults with a regular time
interval and different categories of terrestrial transportation.

The results showed an increasing trend in mortality from
road accidents among young adults in the time interval studied.
Other studies on traffic accident mortality have obtained similar
results to those found in this article's™*.

There was a significant increasing trend for the motorcyclist
and car occupant categories highlighted as the main axis for
discussion in this study, as well as a significant decreasing trend
in the pedestrian category, and increased mortality for all years
and all categories, especially for motorcycles and car occupants.

The increased mortality rate for motorcycle accidents has
been a worldwide phenomenon over the last decade, especially
in middle and low-income countries'”'*.

A series of Brazilian studies on youth violence revealed that
-from 1996 to 2012, the mortality of motorcyclists aged range
15 to 24 years old increased by 1041%, presenting a straight line
from 2008 onwards, with a systematic growth of 15% per year?'.
In the present study, the rate increased from 2.8/100,000 residents
in 1996 to 18.2/100,000 to 2012, an approximate increase of
600%. It should be noted that the period reviewed here was
longer, showing a consistent increasing trend.

The high mortality rates for motorcycle accidents can be
explained by many factors. In recent decades, Brazil has undergone
a period of development with economic stabilization, greater
availability of credit and an increase in per capita income, which
has led to significant growth in the vehicle fleet, especially of
motorcycles®. The limited coverage and poor quality of public
transport in the country, together with its low acquisition and
maintenance costs makes the motorcycle a highly practical
means of transport>”. Today, there are more than 20 million
motorcycles in Brazil, and the country has been described as
the fifth largest global producer of motorcycles, with an annual
production of around 1.7 million units*.

The inadequate road infrastructure and traffic control, the
improper use of protective equipment, and the consumption of
alcohol and poor hospital medical care® in some regions, may
also have contributed to the increased mortality rate observed
in the present study.

A growing trend in mortality from accidents involving
motorcyclists was also found in the UK, where an annual increase
of 4.6% in hospital admissions was identified®. This growing
trend was also observed in Peru, with numbers of “moto-taxis”
increasing over the years?.

In the a study in the state of California (USA), fatal crashes
involving motorcyclists with an approximate age of 18-24 years

old increased by 23%, especially on weekends, while the mortality
rate among the 35-44 years old group remained relatively stable®.

The severity of injuries suffered by motorcyclists is the main
cause of death at the scene of the accident. While a Brazilian
study found that 70% of motorcycle deaths occur in hospitals®,
in India 42.8% of deaths occurred on public roads®. In these
countries, as well as in Peru, it was found that the weekend,
speeding and driver recklessness are the most significant factors
for the occurrence of the deaths of younger riders?%.

Traffic accidents with cars registered a significant growth
in mortality rates, especially after 2005%. As it is considered
the largest vehicle fleet on both urban roads and highways, car
accidents also have a growing impact on hospital morbidity
rates. This phenomenon could be explained by the increase
and effectiveness of pre-hospital medical care services, use of
seat belts and improved resolvability in hospital trauma care®”*.

The results of the present study showed that the frequency of
deaths from automobile accidents was the second highest among
the categories of vehicles. It was found that even in countries
with different levels of socio-economic development, such as
India'® and the United States® the occurrence of injuries from
automobile accidents was also significantly associated with men of
younger age groups, as well as alcohol abuse. A study conducted
in Rio de Janeiro, Brazil’s second largest metropolitan region,
confirmed the association of risk among young, unmarried
drivers, who were driving under the influence of alcohol*.

Brazil is a developing country and many studies have
shown that economic growth contributes to an increase in
car accidents especially among young adults, as also found in
Turkey™. In contrast, a study in China revealed that the total
number of traffic fatalities peaked in 2002, with a subsequent
continued reduction, although the total number of cars has
increased rapidly over the same period of time. The possible
causes of this phenomenon were not explored in the study*.

The present study revealed a decreasing trend in traffic deaths
involving pedestrians. A study conducted in all Brazilian states
between 2000 and 2010 found a similar trend of decreasing
mortality among pedestrians'>*. It may be assumed that
improved socioeconomic conditions combined with easy
access to credit for the purchase of vehicles have contributed
to a transition from the category of pedestrian to a driver or
passenger of motor vehicles*.

Unlike the present study, a study in Australia found an
increasing trend of accidents involving pedestrians, with a greater
occurrence among the 18-24 years-old group on weekends,
and among the 13-17 yearsold group during journeys to and
from school.

Behavioral factors such as speeding and alcohol and drugs
use associated with leisure activities on weekends explain the
increase in pedestrian victims in Australia. These causes were
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also found in a study in Ghana, West Africa, where pedestrians
represented the largest group of deaths among users of urban
roads as well as behavioral factors, and also roadside activities
such as nighttime walking and driver inattentiveness. Collisions
with motorcyclists represented 86% of cases™.

The state of Parana presents a particular characteristic of
risk and vulnerability for the occurrence of terrestrial accidents
with pedestrians, which is that highways cross the urban area
of many municipalities. In 2012, 50.3% of accidents occurred
in the countryside of the state, 16.9% on federal highways and
9.7% on state highways. Of fatal and non-fatal victims, 8.8%
occurred by being run over and 60.4% by collision between
vehicles®.

Although the pedestrian mortality trend has shown a
decreasing trend due to their lower exposure, it is important
to note that this category is more vulnerable to serious injuries
and death, as the accident victim has no type of protection.
In the state of Parand, this aspect is particularly noticeable
as accidents occur mostly in the interior of the state, where
highways cross urban areas.

With respect to accidents involving pickup-trucks or vans,
studies indicate that although these vehicles provide better
protection for their occupants than cars, they are associated
with the same total risk of deaths in accidents®.

The main limitation of the present study involved the use
of secondary databases, as the information depends on the
correct completion of death certificates by doctors, and proper
inputting into the operating platform of the information system
by technicians and coders. Some missing variables in the data
source that could be used to compose the model are: behavioral
factors, alcohol use, and speeding.

Underreporting of type of vehicle were a total of 2,822 fatal
accidents (24.7%), which were registered into code V89 of
the ICD-10 category entitled “Person injured in motorized or
non-motorized vehicle accident, type of vehicle(s) not specified”,
which made the inclusion of this information in the study
impossible.

Investigating traffic accidents, which are today a major public
health problem with significant social and economic impacts,
along with their multi-dimensional factors should be a research
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