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AbsTrACT
Objective To describe the temporal relationship 
between the road traffic mortality rate and gross 
domestic product (GDP) per capita in Brazil, and make an 
annual prediction of the evolution of both indicators until 
2020, the end of the Sustainable Development Goals 
(SDGs) monitoring period.
Methods Brazilian road traffic mortality rate official 
data were described from 2000 to 2015, while the 
GDP per capita official data were described from 2000 
to 2013. GDP per capita and traffic mortality rate 
predictions were performed until 2020 using fractional 
polynomial analysis. Correlations were assessed using 
Pearson’s correlation coefficient.
results From 2000 to 2015, there were over 446 000 
road crashes fatal victims in Brazil. The road traffic 
mortality rate was positively related to the Brazilian 
GDP per capita, with a strong correlation (r=0.89; 
p<0.001) from 2000 to 2013 and a mild correlation 
(r=0.55; p<0.001) considering the whole period 
(2000–2020). The predictions show a reduction on the 
road traffic mortality rates in Brazil; however, if this 
same reduction pace continues, we estimate that the 
country will reach 12.4 road crash deaths per 100 000 
inhabitants in 2020, a reduction of only 13.4% 
compared with 2015.
Conclusion If the same mortality reduction pace 
continues in Brazil, the country will not reach the 
proposed SDG, which is to reduce by half the number 
of deaths per 100 000 inhabitants. In addition, an 
intertwined conciliation between economical growth, 
sustainable development and public policies is needed in 
order to meet such an overwhelming goal.

InTrOduCTIOn
Road traffic injuries are an important public health 
problem and cause of disability, and it is estimated 
that between 20 and 50 million people suffer 
from non-fatal injuries, which are an important 
cause of disability.1 Additionally, it is one of the 
leading causes of preventable deaths worldwide, 
responsible for more than 1.2 million deaths each 
year,2 and the main cause of death among people 
between 15 and 29 years of age, almost half of 
all these deaths being among pedestrians, cyclists 
and motorcyclists.3 Due to the large volume of 
worldwide deaths resulting from road traffic 
crashes (RTCs), the WHO initiated, in 2010, the 
‘Decade of Action for Road Safety – 2011–2020’. 
This action set a global goal of stabilising and 
then reducing the forecasted level of global road 

fatalities by increasing activities conducted at 
national, regional and global levels.1

In September 2015, countries adopted a set of 
goals to end poverty, protect the planet and ensure 
health and prosperity for all as part of a new sustain-
able development agenda. Each goal has specific 
targets to be achieved over the next 15 years. With 
the launch of these Sustainable Development Goals 
(SDGs), road safety is receiving increased interna-
tional attention, and will be monitored as an indi-
cator included in the global agenda.2 4 The target 
is to reduce road traffic fatalities by 50% by 2020, 
aiming on sustainable urban transport to seek a 
global road-safe community.5

One challenge that countries will face is to 
reach the proposed target, allied to their economic 
growth. On the one hand, a higher economic devel-
opment leads to higher road provision and better 
road quality, increasing road safety.6 7 On the 
other hand, economic development increases the 
level of motorisation of a country, also increasing 
the number of crashes and deaths.8–10 Despite the 
increase in global motorisation and population, 
since 2007 the total absolute number of road traffic 
deaths around the world became stable.11 However, 
there is a great disparity by country income. While 
the highest road traffic mortality rates are in low-in-
come and middle-income countries (LMICs), the 
fatalities continue to decrease in high-income coun-
tries.11 For instance, in Brazil, a middle-income 
country, the gross domestic product (GDP) per 
capita increased from I$3481.9 (I$—international 
dollars) in 2000 to I$13 256.1 in 2013; however, 
the road traffic mortality rate has also increased 
from 10.4 deaths to 16.2 deaths per 100 000 inhab-
itants.12 The 2013 estimate placed Brazil as one 
of the leaders in road traffic mortality rate when 
compared with the global rate (17.1 deaths per 
100 000 persons).2 These issues go on the opposite 
direction of the country economic growth, since 
road traffic deaths can cause up to 6% of GDP 
loss.13

Some studies have evaluated the association 
between road traffic mortality and economic 
aspects of the countries where they occur.9 10 14–16 
Results indicate that road traffic mortality rates can 
be influenced by the GDP per capita, and it implies 
that a lower economic development worsens the 
road safety situation.14 15 Other studies state that 
a country’s economy impacts other aspects related 
to road traffic mortality, such as road conditions, 
police enforcement and adequate emergency 
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treatment for trauma care.10 16 A study also evaluated the impact 
of the rapid economic growth on the level of motorisation and 
road safety, describing a significant increase on traffic fatalities.9

Brazil economically grew in recent years, and it is important 
to study the relation of the country’s economic development 
with its road safety. Therefore, the aim of the present study is 
to describe the temporal relationship between the road traffic 
mortality rate and the GDP per capita in Brazil, and make an 
annual prediction of the evolution of both indicators by the end 
of the SDGs monitoring period in order to assess if Brazil will 
achieve the goal of halving the road traffic fatalities by 2020.

MeThOds
A descriptive analysis using data about road traffic mortality rate 
from 2000 to 2015, and GDP per capita from 2000 to 2013, was 
performed. Road traffic mortality rate predictions were made 
from 2016 to 2020, while for the GDP per capita the predictions 
were made between 2014 and 2020.

Data related to death certificates were obtained from the 
Mortality Information System (Sistema de Informação sobre 
Mortalidade (SIM))12 of the Ministry of Health, provided by the 
Informatics’ Department of the Unified Health System. Deaths 
related to road traffic were selected according to the Interna-
tional Statistical Classification of Diseases and Related Health 
Problems-10 under the codes V01 to V29 and V40–V79, which 
were grouped according to the victim, as follows: pedestrian 
(pedestrian injured in transport crash, V01–V09); cyclist (cyclist 
injured in transport crash, V10–V19); motorcyclist (motor-
cycle rider injured in transport crash, V20–V29); car occupant 
(occupant injured in automobile transport crash, V40–V49); 
and heavy vehicle occupant (truck occupant traumatised in a 
transport crash, V50–V59; heavy transport vehicle occupant 
injured in transport crash, V60–V69; and bus occupants injured 
in transport crash, V70–V79).17

Information about population size and GDP per capita was 
obtained from the Brazilian Institute of Geography and Statistics 
(IBGE).18 The population size data are a projection performed by 
the IBGE, and data from 2000 to 2015 were used in this study. 
The GDP per capita data were available from 2000 to 201319 and 
were already calculated by the IBGE in the Brazilian currency, 
expressing the ratio between GDP and the resident population. 
To convert the GDP estimates to international dollars, the values 
were divided by 1.99, the 2016 Brazil’s purchasing power parity 
(PPP) obtained from the World Bank20 data. The Brazilian PPP 
value was used to calculate the GDP per capita for each federa-
tion unit (FU), since PPP values per FU were not available.

Annual road traffic mortality rates for the period from 2000 
to 2015 were calculated by dividing the number of deaths (by 
place of occurrence) by the resident population per 100 000 
inhabitants. The road traffic mortality rates were calculated for 
each FU and for the whole country, and were age-standardised 
by direct standardisation. The total Brazilian population from 
2000 to 2015 was considered as the standard population, and 
nine age categories were considered in order to calculate the 
standard rates (0–4 years, 5–14 years, 15–24 years, 25–34 years, 
35–44 years, 45–54 years, 55–64 years, 65–74 years and 75 
years or more).

To estimate road traffic mortality rates and GDP per capita in 
Brazil and per FU, the first-degree and second-degree fractional 
polynomials (FP) were tested. The road traffic mortality rate and 
the GDP per capita FP models were adjusted separately, both 
containing only the year as a predictor. To predict the road traffic 
mortality rates in Brazil from 2016 to 2020, the second-degree 

FP using twice the year variable powered to (3,3) achieved the 
best fit. Since this is a repeated power model, the first year coef-
ficient is powered to 3 (ß1), and the second is powered to 3 and 
multiplied by its natural log (ß2) (adjusted R2=0.90; p<0.001). 
For the Brazilian GDP per capita predictions from 2014 to 2020, 
the best fit was also obtained using a repeated second-degree FP 
model (3,3) (adjusted R2=0.99; p<0.001).

In order to predict, for each FU, the road traffic mortality rate 
from 2016 to 2020 and the GDP per capita from 2014 to 2020, 
subnational data were used. The same FP methodology used to 
predict the national estimates was applied. The first-degree and 
second-degree FPs containing the year as unique covariate were 
tested for each one of the 27 FUs, and the best fit was used to 
predict the estimates. The models used to predict the age-stan-
dardised road traffic mortality rates and the GDP per capita 
were adjusted separately. The graphs describing the FP models 
used to predict the age-standardised road traffic mortality rate 
for each FU are presented in online supplementary file 1, while 
the GDP per capita predictive models for each FU are presented 
in online supplementary file 2.

The differences between proportions were tested using 
two-sample test of proportions. The correlation between aggre-
gate road traffic mortality rate and GDP per capita was assessed 
using Pearson’s correlation coefficient (r). Linear regression 
models were used to analyse per-year variation on the consid-
ered indicators. It was considered a 5% significance level. 
Data processing and statistical analysis were performed using 
Excel (Microsoft, Redmond, Washington, USA) and the Stata 
V.13 software.

The present study used data from public domain surveillance 
systems, so there is no possibility of identification of the subjects 
studied. Therefore, the study is classified as freed from the 
need for consideration by an ethical committee as established 
in the Resolution of the Brazilian National Health Council 466, 
12 December 2012.21

resulTs
From 2000 to 2015, in Brazil, there were over 446 000 fatal 
victims due to road crashes. As shown in table 1, in the period 
from 2000 to 2007, the majority of the fatal victims were pedes-
trians, which accounted for 41.2% of the deaths. However, this 
was the only type of victim that suffered a reduction on the abso-
lute number of deaths due to road crashes for the period from 
2008 to 2015. A reduction of over 9000 deaths of pedestrians 
and a significant increase in the number of deaths of motorcy-
clists and car occupants in the period from 2008 to 2015 turned 
the pedestrians to be the third type of fatal victim due to road 
crashes. In this later period, the number of absolute deaths of 
motorcyclists more than doubled, and hence the motorcycle was 
the leading cause of death, being responsible for 35.0% of the 
total fatal victims.

Table 1 Total number of fatal victims due to road crashes in Brazil 
according to type of victim, from 2000 to 2007, and from 2008 to 2015

Type of fatal victim

Fatal victims due to road crashes (n)

p Value2000–2007 (%) 2008–2015 (%)

Pedestrian 78 644 (41.2) 69 561 (27.3) <0.001

Cyclist 10 529 (5.5) 11 684 (4.6) <0.001

Motorcyclist 39 836 (20.8) 89 557 (35.0) <0.001

Car occupant 53 649 (28.1) 73 898 (29.0) <0.001

Heavy vehicle occupant 8409 (4.4) 10 543 (4.1) <0.001

Total 191 067 (100.0) 255 243 (100.0)
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In figure 1, the age-standardised mortality rate from road 
crashes per 100 000 inhabitants in Brazil and the country GDP 
per capita are compared. Considering the period from 2000 
to 2013, when both indicators had official data available, 

there was a strong positive correlation between the Brazilian 
GDP per capita and the road traffic mortality rate (r=0.89; 
p<0.001). However, when the whole period is considered, 
the positive correlation between the indicators would become 
mild (r=0.55; p=0.010). In 2015, the most recent year when 
official data about road traffic mortality were produced, there 
were around 14.3 deaths per 100 000 inhabitants in Brazil, 
while in 2020 it is estimated that there will be 12.4 deaths per 
100 000 inhabitants in Brazil—a 13.4% reduction comparing 
both years. The prediction would represent a 0.43 road traffic 
mortality rate reduction per 100 000 inhabitants per year for 
the period from 2015 to 2020 (adjusted R2=0.77; p=0.013), 
whereas comparing the Brazilian GDP per capita estimates from 
the years 2015 and 2020, an increase equal to 50.9% on this 
indicator is predicted.

Data for 2015 and 2020 age-standardised road traffic mortality 
rate and GDP per capita for each Brazilian FU are presented 
in table 2. Considering the road traffic mortality rate, official 
data were used for the 2015 estimates and predictions were 
performed for 2020. For the GDP per capita estimates, both 
years were predicted. In table 2, the arrows pointing down 
represent a predicted statistically significant (p<0.05) reduction 
on the trend of traffic mortality from 2015 to 2020, the arrows 
pointing up represent a statistically significant increasing trend, 
and the squares represent a predicted stationary trend. From 
2015 to 2020, the estimated road traffic mortality rate trends 
would increase in 40.8% of the FUs and would reduce in 29.6%.

Figure 1 Age-standardised road traffic mortality rate in Brazil and the 
Brazilian gross domestic product per capita. Road traffic mortality rate 
predictions are presented from 2016 to 2020, while predictions for the 
GDP per capita are presented from 2014 to 2020. GDP, gross domestic 
product.

Table 2 Age-standardised road traffic mortality rate ranking according to Brazilian federation units and its gross domestic product per capita

2015 2020

Federation unit Mr GdP per capita* Federation unit Mr trend*  Mr* GdP per capita*

1 Roraima 34.0 11 070.3 1 Piauí ▲ 47.6 9785.5

2 Piauí 32.9 6185.3 2 Tocantins ■ 32.5 13 702.9

3 Tocantins 32.6 9450.9 3 Sergipe ▲ 30.6 15 191.6

4 Mato Grosso 24.5 14 580.4 4 Acre ▲ 30.5 12 250.0

5 Mato Grosso do Sul 23.4 16 935.3 5 Mato Grosso ■ 28.9 18 591.5

6 Sergipe 23.2 10 011.0 6 Rondônia ▲ 28.8 13 476.3

7 Rondônia 21.4 10 475.3 7 Roraima ■ 28.6 16 273.1

8 Santa Catarina 21.0 19 409.4 8 Maranhão ▲ 25.9 8837.3

9 Goiás 20.8 14 965.7 9 Paraíba ▲ 25.5 11 267.5

10 Maranhão 19.2 5901.0 10 Espírito Santo ■ 25.1 30 046.2

11 Paraná 18.5 18 170.0 11 Goiás ▲ 24.1 23 687.0

12 Paraíba 17.6 7330.0 12 Pernambuco ▲ 20.0 15 398.4

13 Ceará 17.5 7659.9 13 Pará ▲ 17.9 15 477.6

14 Pernambuco 17.5 9621.6 14 Ceará ■ 17.6 11 876.4

15 Espírito Santo 17.1 20 059.4 15 Santa Catarina ▼ 17.0 28 591.4

16 Minas Gerais 14.9 14 574.2 16 Bahia ▲ 15.7 11 715.5

17 Distrito Federal 14.3 35 448.2 17 Rio Grande do Norte ■ 14.1 15 224.2

18 Pará 13.3 9567.6 18 Mato Grosso do Sul ▼ 13.8 27 264.1

19 Rio Grande do Norte 13.0 9632.8 19 Minas Gerais ▼ 13.5 22 180.3

20 Bahia 10.9 8159.0 20 Rio Grande do Sul ■ 13.4 25 859.4

21 Rio Grande do Sul 10.9 17 529.7 21 Distrito Federal ■ 13.1 44 008.1

22 Amazonas 10.7 13 039.3 22 Amazonas ▲ 11.0 18 564.9

23 Rio de Janeiro 10.0 23 655.8 23 Paraná ▼ 8.4 28 111.0

24 Acre 9.7 8601.8 24 São Paulo ▼ 4.8 35 895.2

25 São Paulo 9.7 24 109.5 25 Rio de Janeiro ▼ 1.0 37 075.6

26 Amapá 9.0 10 353.8 26 Alagoas ▼ 0.0 11 295.7

27 Alagoas 3.7 7214.1 27 Amapá ▼ 0.0 15 607.8

*Predicted data.
GDP, gross domestic product per capita in international dollars; MR, age-standardised road traffic mortality rate per 100 000 inhabitants.
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In 2020, 6 out of the 13 FUs with predicted GDP per capita 
values above the median (I$15 607.80) would have a statisti-
cally significant reduction trend on the road traffic mortality 
rates (Minas Gerais, Mato Grosso do Sul, Paraná, Santa Cata-
rina, São Paulo and Rio de Janeiro) from 2015 to 2020. Five of 
them would present a stationary trend (Roraima, Mato Grosso, 
Rio Grande do Sul, Espírito Santo and Distrito Federal), and 
only Amazonas and Goiás would have statistically significant 
increases. However, the scenario is different when the 13 FUs 
with predicted GDP per capita values below the predicted 
median in 2020 are considered. Nine FUs would have significant 
increase on their road traffic mortality rate trend (Maranhão, 
Piauí, Paraíba, Bahia, Acre, Rondônia, Sergipe, Pernambuco and 
Pará), three would have stationary trends (Ceará, Tocantins and 
Rio Grande do Norte), and only Alagoas would present a statis-
tically significant decreasing trend from 2015 to 2020.

dIsCussIOn
The present study predicts a trend of increase in the GDP per 
capita and a smooth decrease on the road traffic mortality rates 
in Brazil. However, the reduction of 13.4% on the road traffic 
mortality rates would not be enough to halve the mortality rate 
by 2020 as proposed in goal 3.6 of the SDGs.5 The road traffic 
mortality in Brazil is expected to be 12.4 deaths per 100 000 
inhabitants in 2020; however, it would be necessary to reach 7.2 
deaths per 100 000 inhabitants to achieve the road safety SDG. 
If the same road traffic mortality decreasing pace continues, we 
estimate that Brazil would reach the goal only in 2025, 5 years 
later from the end of the SDG’s monitoring period.

The failure to achieve the road traffic mortality goal in Brazil 
can be attributed to several factors, which could be intervened. 
First, the increasing amount of motorised vehicles is a growing 
concern since it contributes considerably to the set of fatalities 
and injuries from RTCs in developing countries.10 In Brazil, 
between 2001 and 2012, the amount of cars and motorcycles 
doubled, reaching 50.2 million in 2012 and corresponding 
to an increase 11 times greater than the Brazilian population 
growth.22 The high increase on the number of cars and motor-
cycles is associated with the country’s economic development, 
representing the capability of the population to buy consumer 
goods.23 Wang and colleagues24 indicate that in the early stage 
of economic development, the mortality of RTCs increased 
along with the economic development, but when the economic 
development reached a certain level, the mortality decreased. In 
the early stage of economic development of India and China, 
both the level of motorisation and the road traffic mortality 
rates increased.9 The same can be seen in Brazil: a steep GDP per 
capita increasing trend and a higher number of motorcyclists and 
car occupants victims of fatal road traffic injuries from 2008 to 
2015, compared with previous periods.

A second factor that may contribute to traffic mortality rates 
is the development of roads. Road infrastructure and conditions 
play an important role, since a high road traffic mortality rate 
is possibly related with highways decay and inadequate infra-
structure. However, this is also an important factor that leads 
to economic development. Thus, it is not possible to deter-
mine a direct causal relationship between economic indicators 
and deaths resulting from traffic crashes despite the correlation 
shown by our results.25

Another matter to consider is the ability of the public health 
system in providing adequate treatment for traffic injuries, since 
a poor public health infrastructure usually means that patients 
often do not receive appropriate care promptly, increasing 

the probability of adverse health outcomes and long-term 
disability.10 What is seen between LMICs is that their economic 
growth boosts motorisation and road traffic injuries,26 but 
the healthcare facilities fail to follow this increase. Therefore, 
according to Dalal et al,27 Brazil was the sixth in the top 25 
countries with the greatest number of disability-adjusted life 
years due to road traffic injuries in 2004, reflecting a need to 
improve healthcare in this set of injuries.27 Our results estimated 
an increase in the GDP per capita from 2014 to 2020, and a 
reduction on the road traffic mortality from 2016 to 2020. 
This inverse relation between the indicators may represent that 
the economic development of the country already reflected in 
the public health services, which in turn influence the reduc-
tion of mortality rates. One important healthcare improvement 
in Brazil was the Mobile Emergency Care Service (Serviço de 
Atendimento Móvel de Urgência (SAMU)), adopted nationwide 
in 2003, but with important variations on coverage among 
Brazilian municipalities.28

Compared with other countries in South America, Brazil is 
at the same time one of the largest economies and the leading 
country in road traffic mortality.2 This important magnitude, 
both in economy and in mortality rate, can be explained by the 
huge differences within the country. The fact that the majority of 
the Brazilian FUs with GDP per capita values above the median 
present decreasing mortality rate trends can be explained by 
better conditions of roads and assistance provided to victims. 
This could also be attributed to better public transportation 
network and conditions among these FUs, which can decrease 
the number of private vehicles in the streets and the number 
of crashes.29 In contrast, the increasing trend of road traffic 
mortality was the most common among the Brazilian FUs with 
GDP per capita below the median. This happens since these FUs 
may have worse health assistance, road quality and public trans-
portation conditions. Besides, the increase on the motorcycle 
fleet plays a role in the differences between mortality rates of the 
Brazilian FUs, as the number of motorcyclists increased by 72% 
among the poorest FUs, and by 33% among the ones with GDP 
values above the median.22

Fortunately, Brazil has an important set of laws for the 
promotion of traffic safety that could contribute to a greater 
reduction of the road traffic mortality rates: for example, the 
inhibition of alcohol consumption by motor vehicle drivers, 
obligation of the front air bag installation for driver and front 
seat passenger, regulating the exercise of professional activities 
in passenger transport and delivery of goods, and more severe 
punishments of dangerous behaviours.30 The implementation 
of the law related to alcohol consumption, in 2008, may have 
contributed to the reduction of the mortality in the following 
year, as shown in figure 1. However, regional differences in the 
country are again observed. According to the 2013 Telephone 
Based Surveillance of Risk and Protective Factors for Chronic 
Diseases (Vigilância de Fatores de Risco e Proteção para Doenças 
Crônicas por Inquérito Telefônico (VIGITEL)), the frequency of 
18-year-old adults who reported driving a motor vehicle after 
consuming any amount of alcohol varied from 3.0% to 14.0% 
across the country’s FUs.31 We need to interpret these data with 
caution and consider that there may be under-reporting since 
the practice of driving after alcohol consumption is punish-
able according to the law.32 33 Even so, this shows the lack 
of enforcement in Brazil, since 5 years after its creation, young 
drivers are no more respecting the law.34 In addition, Brazilian 
drivers present low awareness of the content of the law.35 Hypo-
thetically, the implementation of alternative policies such as 
the Swedish ‘Vision Zero’,36 which shares the responsibility of 
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road safety between government and road users, could lead to a 
better scenario in Brazil.

The present study shows some limitations. Although the 
Brazilian government had improved the surveillance on crashes by 
creating the Surveillance System Violence and Accidents (Sistema 
de Vigilância de Violência e Acidentes (VIVA))37 in 2006, some 
official data are still doubtful. Referring to online supplementary 
file 1, it is possible to note a huge variability in the estimates of 
some FUs (eg, Amapá and Roraima). These could be due to the 
low quality of reporting traffic mortalities and injuries in these 
locations. Another limitation is related to the road traffic mortality 
predictions for 2020, since three FUs (Rio de Janeiro, Alagoas and 
Amapá) would have values close to 0. Our predictions were based 
on the period when official data were available, and we applied 
the same trend for the following years. Although some extreme 
values occur, the use of FPs is a common approach to perform esti-
mate predictions.38 Finally, the absence of updated GDP per capita 
data generated a predicted steep increasing trend of this indicator. 
However, it is known that Brazil was affected in the recent years by 
an economic crisis. For this reason, we believe our GDP per capita 
predictions could be overestimated.

COnClusIOn
Although the predictions showed that Brazil is reducing the road 
traffic mortality rates, if this same reduction pace continues the 
country will not reach the goal of reducing by half the rate 
of deaths due to traffic crashes by 2020, as suggested by the 
WHO’s SDGs. This is a big challenge for LMICs, since there 
is a need to reach a balance between economical develop-
ment, increase on motorisation, and development of road and 

primary care infrastructure. In order to achieve the proposed 
SDG goal, an urgent integration between national and regional 
policies is needed, including the implementation of educational 
programme to increase awareness of the legal restrictions and 
its consequences, increase the coverage of healthcare services 
such as SAMU, and increase the enforcement of road traffic 
laws.
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