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SUMMARY

OBJECTIVE: To analyze the epidemiological profile and the Spatio-temporal distribution of mortality in motorcycle accidents in Alagoas
before (2001-2007) and after the “Lei seca” (2008-2015).

METHODS: This is a mixed ecologic study. All deaths in the state with the codes V20-V29 (ICD-10) as the basic cause were included in the
study. Sociodemographic variables and mortality rates per sex were analyzed. For the temporal analysis, the inflection point regression
model was used. For spatial analysis, the rates were smoothed by the Local Empirical Bayesian Model and, subsequently, the Global
and Local Moran statistic was used to identify the spatial clusters of risk.

RESULTS: There were 1458 deaths caused by motorcycle accidents in the period studied; the following characteristics about the victims
stand out: male (91.29%), economically active age (82.93%), and brown race (78.12%). In the male population, there was a growth trend
between 2001 and 2007 (19.0%, p<0.001), and a decline from 2008 (-11.2%, p<0.001). Spatial modeling showed that the areas with the
highest risk of mortality are located in the agreste and sertdo of the state (p = 0.01).

CONCLUSION: Mortality in motorcycle accidents is an important public health problem in Alagoas, with an emphasis on male mortality
and geographic concentration within the state.
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INTRODUCTION

Over the past decades, traffic-related deaths and
injuries have become an important global public health
problem. In 2016 alone, 1.35 million people died world-
wide due to traffic accidents, and the mortality rate is
three times higher in low-income countries'.

In that same year, 37,345 deaths were reported
due to traffic accidents in Brasil, with a rate of

18.1/100,000 inhabitants. Of these, 32% involved two-
or three-wheel vehicles'. It is estimated that the risk
of a fatal outcome in a motorcycle accident is 20 times
higher than in car accidents®.

In 2008, in an attempt to reduce the number of
traffic accidents, Law no. 11,705, popularly known
as “Lei Seca”, was enacted. Assessing the impact of
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the legislation on the temporal and spatial pattern of
traffic mortality is imperative for public health and
safety®4, in view of the magnitude of the problem and
the need to understand the phenomenon in different
geographical regions of the country and identify pri-
ority areas for intervention®.

Considering alcohol as the main risk factor for
traffic mortality and the motorcyelist population as
the most vulnerable, this study aimed to analyze the
epidemiological profile and the Spatio-temporal distri-
bution of mortality in motorcycle accidents in Alagoas
before (2001-2007) and after the Lei Seca (2008-2015).

METHODS

This is a mixed ecologic study. This work was car-
ried out in Alagoas, considering the period 2001-2015.
The temporal series was subdivided into two, and
the temporal milestone adopted was the year 2008,
when the law entered into force. The state comprises
102 municipalities and a population of over 3 million
inhabitants; it is the most densely populated area in
the Northeast Region (112.13 inhabitants/km?)®.

We included all deaths due to transport accidents
involving motorcycles and tricycles (driver/passenger),
considering ICD-10, codes V20-V29: V20 - Motorcycle
rider injured in collision with pedestrian or animal;
V21 - Motorcycle rider injured in collision with pedal
cycle; V22 - Motorcycle rider injured in collision with
two- or three-wheeled motor vehicle; V23 - Motorcycle
rider injured in collision with car, pick-up truck or van;
V24 - Motorcycle rider injured in collision with heavy
transport vehicle or bus; V25 - Motorcycle rider injured
in collision with railway train or railway vehicle; V26 -
Motoreycle rider injured in collision with other nonmo-
tor vehicle; V27 - Motorcycle rider injured in collision
with fixed or stationary object; V28 - Motorcycle rider
injured in noncollision transport accident V29 - Motor-
cycle rider injured in other and unspecified transport
accidents - NE. These data were obtained from the Mor-
tality Information System (SIM) from the Datasus plat-
form (http://datasus.saude.gov.br).

Sociodemographic variables were collected in
order to characterize the population studied: sex, age,
race/color, formal education, marital status, place of
death, and the ICD category. These variables were
subjected to descriptive analysis. Then, the mortality
rates in the general population and according to sex
were calculated.

For the temporal analysis, we used the joinpoint

regression model®. The trends were classified as sta-
tionary, ascending, or descending, and the Annual
Percentage change (APC) and the Average Annual
Percent Change (AAPC) were calculated. We adopted
a significance of 5% and a confidence interval of 95%.

Then, spatial analysis was conducted. Initially,
we applied the local empirical Bayes model to the
mortality rates to give greater stability to the data.
After that, the spatial dependence of the indicators
was evaluated using the statistic of the global Moran’s
statistic and the pseudo-significance test. Once global
spatial dependency was observed, we applied the Local
Index of Spatial Association - Lisa. From the Lisa, each
municipality was placed in one quadrant of the Moran
scatter plot: Q1 - High/high (positive values and posi-
tive means), Q2 - low/low (negative values and nega-
tive means), Q3 - high/low values (positive values and
negative means), and Q4 - low/High (negative values
and positive means). Based on the results obtained, the
thematic maps were built to identify spatial clusters of
higher risk of deaths’. For the analyses, we used the
Terra View 4.2.2, QGis 2.14.11, and Joinpoint Regres-
sion Program 4.5.0.1 software.

Since the study used secondary data from informa-
tion systems of public domain, it was waived approval
by the Research Ethics Committee.

RESULTS

Between 2001 and 2015, 1,458 deaths were
recorded due to motorcycle accidents in the state of
Alagoas, 1,331 (91.29%) of the victims were males,
39.09% (n=570) aged between 20 and 29 years, and
78.12% (n=1139) of mixed race. There was a predom-
inance of deaths in hospital units (50.34%; n=734),
followed by on public roads (44.58%; n=650) (Table
1); 50.14% (n=731) of deaths resulted from transport
accidents without collision (Table 1).

The mortality rate in the period was 3.06
deaths/100 thousand inhabitants (5.69/100,000 for
men, and 0.52/100,000 for women). In the period prior
to the Lei Seca (2001-2007), there was a statistically
significant growth of overall mortality (APC 18.9%;
p<0.001) and among males (APC 19.0%; p<0.001). In
the period after the law went into force (2008-2015),
there was a trend reversal, with a decline of -11.3%
(p<0.001) in the overall mortality and -11.2% (p<0.001)
among men. Among women, the behavior was con-
stant in both periods (Table 2).

The spatial distribution showed expansion of
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TABLE 1. SOCIODEMOGRAPHIC CHARACTERISTICS OF DEATHS FROM MOTORCYCLE

TRAFFIC ACCIDENTS. ALAGOAS, BRASIL, 2001-2015 (N=1,458).

Age range
<10 years 4 0.31 1 0.79 5 0.35
10a14 14 1.05 4 315 18 123
15a19 140 10.52 20 15.75 160 10.97
20229 523 39.29 47 37.01 570 39.09
30a39 319 2397 28 22.05 347 23.80
40249 196 14.73 1 8.66 207 14.20
50a59 78 5.86 7 5.51 85 5.84
60 or more 57 4.29 9 7.09 66 4.52
Race/color
White 96 7.21 17 13.39 113 7.75
Black 16 1.20 2 1.57 18 1.23
Yellow 2 015 1 0.79 3 0.21
Brown 1,050 78.89 89 70.08 1,139 7812
Indigenous 1 0.08 0 0.00 1 0.07
Ignored 166 12.47 18 1417 184 12.62
Years of formal education
None 19 143 2 1.57 21 144
1to 3 years 48 361 2 1.57 50 343
4to 7 years 182 13.67 16 12.60 198 13.58
8 to 11 years 70 5.26 9 7.09 79 542
12 or more 7 0.53 0.00 7 048
Ignored 1,005 75.51 98 777 1103 75.65
Site
Hospital 667 501 67 52.76 734 50.34
Other health establishments 4 0.30 0 0.00 4 0.27
Home 15 113 1 0.79 16 110
Public Road 594 44.63 56 44.09 650 44.58
Others 51 3.83 3 2.36 54 3.7
ICD-10 Category
V20 10 0.75 0 0.00 10 0.69
Va1 - - - - - -
V22 18 1.35 1 0.79 19 1.30
V23 82 6.16 14 11.02 96 6.58
24 30 2.25 4 315 34 2.33
V25 - - - - - -
V26 1 0.83 0 0.00 n 0.75
27 15 113 1 0.79 16 110
V28 674 50.64 57 44.88 731 50.14
V29 491 36.89 50 39.37 541 3711

Legend: V20 - Motorcycle rider injured in collision with pedestrian or animal; V21 - Motorcycle rider injured in collision with pedal cycle; V22
- Motorcycle rider injured in collision with two- or three-wheeled motor vehicle; V23 - Motorcycle rider injured in collision with car, pick-up
truck or van; V24 - Motorcycle rider injured in collision with heavy transport vehicle or bus; V25 - Motorcycle rider injured in collision with rail-
way train or railway vehicle; V26 - Motorcycle rider injured in collision with other nonmotor vehicle; V27 - Motorcycle rider injured in collision
with fixed or stationary object; V28 - Motorcycle rider injured in noncollision transport accident V29 - Motorcycle rider injured in other and

unspecified transport accidents - NE. * No records of death in these categories.
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TABLE 2. TEMPORAL EVOLUTION AND MORTALITY RATE TREND IN MOTORCYCLE TRAFFIC
ACCIDENTS (PER 100,000 INHABITANTS), OVERALL AND ACCORDING TO SEX. ALAGOAS, BRASIL,

2001-2015 (N=1,458).

(a) Mortality rate in motorcycle accidents

Year Overall mortality Male mortality Female mortality
No. deaths Rate/100,000 | No. deaths Rate/100,000 | No. deaths Rate/100,000
2001 33 112 29 2.00 4 0.27
2002 60 2.02 59 4.02 1 0.07
2003 70 2.32 64 4.31 6 0.39
2004 84 2.75 71 473 13 0.84
2005 103 3.34 94 6.19 9 0.57
2006 1M 3.56 104 6.79 7 044
2007 129 410 18 763 n 0.69
2008 116 3.65 107 6.86 9 0.56
2009 n8 3.68 109 6.94 9 0.55
2010 124 3.84 115 727 9 0.55
20M 18 3.62 108 6.78 10 0.60
2012 129 3.93 e 724 13 0.77
2013 142 4.30 126 7.83 16 0.95
2014 58 1.75 53 3.28 5 0.29
2015 63 1.89 58 3.57 5 0.29
2001-2015 1,458 3.06 1,331 5.69 127 0.52
(b) Joinpoint Regression Model
Period APC (Cl 95%) APC (Cl 95%) APC (Cl 95%)
p-value p-value p-value
2001-2007° 18.9 (12.0 t0 26.3) 19.0 (9910 28.9) 49 (-331t013.9)
p<0.001" p<0.001* p=0.2
2008-2015° -1.3(-18.5t0 -3.6) -11.2 (-20.5t0 -0.7) 49(-33t013.9)
p<0.001" p<0.001* p=0.2

Legend: * Statistical significance; APC: Annual Percent Change; AAPC: Average Annual Percent Change; Cl 95%: Confidence interval of 95%; a Period
before the Lei Seca went into force in Brasil; b Period the Lei Seca went into force in Brasil.

mortality over the time series, as well as a spatial depen-
dency (p=0.01). Before the Lei Seca, the greatest overall
rates corrected were found in Coité do Noia (7.8/100,000),
Craibas (7.22/100,000), and Arapiraca (6.93/100,000).
These municipalities also occupied the top three posi-
tions in the ranking of male mortality (14.32/100,000,
13.8/100,000, and 6.93/100,000, respectively). In the
female population, the municipalities of Coité do Noia
(1.44/100,000), Feira Grande (1.56/100,000), and Sao
Sebastiao (1.51/100,000) stood out (Figure 1).

In the post-enforcement period, the municipalities
of Taquarana (7.43/100,000), Arapiraca (6.91/100,000),
and Cacimbinhas (6.86/100,000) stood out for the
general mortality; Taquarana (14.13/100,000), Cacim-
binhas (13.59/100,000), and Porto Real do Colégio
(12.95/100,000) for male mortality; and Pao de A¢u-
car (2.11/100,000), Sao José da Tapera (2.11/100,000),
and Monteirépolis (1,82/100,000) for female mortality
(Figure 1).

The expansion of mortality was also observed in the
Moran Map. For the overall mortality, the number of
municipalities located in quadrant 1 (Q1) of the Moran
scatter plot went from 20 (19.60%), before the Lei Seca,
to 33 (32.35%) in the period after it went into force. In
the male population, the growth was similar, from 21
(20.58%) to 32 (31.37%). In both cases, the municipali-
ties were concentrated in the central region of the state
(agreste of Alagoas and transition with the sertao). In
the female population, the same number of municipal-
ities was observed (n=19; 18.62%) in both periods; how-
ever, there was a change in the spatial pattern, with an
expansion of mortality to the sertéo of the state.

DISCUSSION

The male mortality rate 10.9 times higher than
that of females observed in Alagoas corroborates the
national and international literature®'. Of the 38,000
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accidents with fatal victims recorded in Brasil in 2015,
82% of deaths were of men’. Various aspects can justify
this context, highlighting, initially, the higher con-
sumption of motorcycles by the male population®.
Approximately 85% of purchases of such vehicles in
the country are by men, and 83% of purchasers are
less than 40 years old™.

In association with the consumption profile, the
male population has a higher prevalence of risk behav-
iors, such as the consumption of alcohol™, excess speed-
ing®, no use of personal protective equipment™, driving
without a license™, and lack of knowledge of traffic leg-
islation™. These factors explain why the risk of motor-
cycle accidents is substantially higher in this group™.

The prevalence of deaths in the mixed-race group
can be explained by the Brazilian demographic char-
acteristic since 43.1% of the population belongs to this
race/ethnicity®™. In addition, a study by Malta et al.™
pointed out that, in the Brazilian population, mixed-
race individuals wear a helmet less often than white
individuals, both as the driver (82.1 and 87.9%, respec-
tively) and as a passenger (78.1 and 86.4%, respec-
tively). This points to the existence of sociocultural

FIGURE1

factors that determine the use of personal protec-
tive equipment.

In addition to all of these factors described, there has also
been an increase in the number of motorcycles. In 2001, the
number of two-wheeled vehicles in Alagoas was 33,209;
in 2005, into was 58,579 (an increase of 76.3%)". The epi-
demiological results of this entire context of vulnerabilities
justify the upward trend in mortality, observed in our study
between 2001 and 2007, with a percentage growth rate of
18.9% in the general population and 19.0% among males,
as well as the geographic expansion of occurrences.

In addition to the proximal social determinants,
it is pertinent to highlight those of a more distant
sphere, i.e., the socioeconomic changes of the first
decade of the 21st century, such as improved purchas-
ing power, mainly in the North and Northeast regions
of the country®, the percentage of the population that
left the poverty range™, and the lower cost of motor-
cycles when compared to four-wheeled vehicles®™. In
addition, motorcycles assumed an important role in
the dynamics of the Brazilian economy, since it has
become an opportunity to scape unemployment™.

The approval of the Brazilian Traffic Code, in

Period 2001 — 2007 (before the Lei Seca)

Period 2008 — 2015 (after the Lei Seca)
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19978, did not have the expected effect; there was a
reduction only in the first years when the number of
deaths from traffic accidents dropped from 35,000
(1997) to 29,000 (2000)**?°. Due to the need for new
mechanisms capable of making the Brazilian traffic
safer, the Lei Seca (Law No. 11.705/2008) was created
in an attempt to prevent drinking and driving?'. A
national study showed a less pronounced growth of
mortality after it went into force?®, resembling the
temporal pattern observed in Alagoas from 2008. In
2013, the decision 432 of the National Traffic Council
lowered the levels of alcohol accepted in the blood-al-
cohol content test and raised the value of the fines for
offenders?, making the law even more severe.

It is also necessary to discuss the geographical
distribution of these deaths and raise potential local
factors associated with patterns of mortality. In this
study, the areas of greatest risk were concentrated in
the agreste and sertao in municipalities with a smaller
population. Similar results were found in Pernambuco,
where the highest mortality rates were in the interior
of the state?. In addition, national research pointed
to municipalities with up to 20,000 inhabitants and
from 20,000 to 100,000 at higher risk of mortality
in comparison to larger municipalities?®. In Alagoas,
only Macei6 and Arapiraca have a population of over
200,000 inhabitants. In these municipalities, the
determinant factors previously discussed are height-
ened by the absence of a state supervisory power?.

CONCLUSION

The study showed consistent evidence that mor-
tality from motorcycle traffic accidents is an import-
ant public health problem in the state of Alagoas,
even after considering the positive impacts of the
Lei Seca. We highlighted the male mortality and geo-
graphic expansion of deaths, which were concen-
trated on the interior of Alagoas (agreste and sertao
regions).
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OBJETIVO: Analisar o perfil epidemioldgico e a distribuigdo espago-temporal da mortalidade em acidentes motociclisticos em Alagoas
antes (2001-2007) e apés a lei seca (2008-2015).

METODOS: Estudo ecoldgico misto. Foram incluidos no estudo todos os ébitos ocorridos no estado que tiveram como causa bdsica os
cédigos V20-V29 (CID-10). Foram analisadas as varidveis sociodemogrdficas e as taxas de mortalidade calculadas sequndo sexo. Para
a andlise temporal, empregou-se o modelo de regressdo por pontos de inflexdo. Para andlise espacial, as taxas foram suavizadas pelo
Modelo Bayesiano Empirico Local e, posteriormente, foi empregada a estatistica de Moran Global e Local para a identificagdo dos
aglomerados espaciais de risco.

RESULTADOS: Foram registrados 1.458 6bitos em acidentes motociclisticos no periodo estudado, destacando-se: sexo masculino (91,29%),
idade economicamente ativa (82,93%) e raca parda (78,12%). Na populagdo masculina, verificou-se tendéncia de crescimento entre
2001 e 2007 (19,0%; p<0,001) e de declinio a partir de 2008 (—11,2%; p<0,001). A modelagem espacial mostrou que as dreas de maior
risco de mortalidade estdo situadas no agreste e sertdo do estado (p=0,01).

CONCLUSAO: A mortalidade em acidentes motociclisticos é um importante problema de sadide piblica em Alagoas, com destaque para
a mortalidade masculina e concentragdo geogrdfica no interior do estado.

PALAVRAS-CHAVE: Acidentes de trdnsito. Estudos ecolégicos. Registros de mortalidade.
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