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RESUMO

Ponce JC. Estimativa de condutores de veiculos automotores sob efeito de alcool na
cidade de Sdo Paulo e comportamento frente a fiscalizagdo por etilometros. [tese] Sao
Paulo: Faculdade de Medicina, Universidade de Sao Paulo, 2020.

Introducio: Acidentes de transito sdo responsaveis por mais de 30 mil mortes por ano
no Brasil. A fiscalizagdo adequada, usando dos preceitos da teoria de dissuasdo —
celeridade, rigidez e certeza da punicdo — ¢ fortemente associada a redug@o de acidentes
de transito relacionados ao dlcool, bem como nimeros de vitimas fatais. A legislacao
brasileira, em sua forma atual, permite a0 motorista a recusa a submissao ao teste de
etildometro, com punic¢des iguais ao nivel da menor punicao para dire¢do sob efeito de
alcool (resultado positivo porém abaixo de 0,6 g/ de sangue). Objetivos: a) andlise
critica da Lei Seca; b) avaliar o comportamento de motoristas na cidade de Sao Paulo
frente a fiscaliza¢do de etilometros entre os anos de 2015 e 2019; ¢) comparar mortes
sob efeito de alcool no Brasil e Noruega em um periodo de dez anos. Método: a)
aplicacdo de teoria de jogos e arvore de decisdo; b) coleta de dados observacionais
através de formularios padronizados em fiscalizagdes de etildmetro da Operagdo
Direcdo Segura entre 2015 e 2019; c¢) comparacao de bases de dados oficiais sobre
mortes no transito em Sao Paulo e na Noruega. Resultados: A atual legislagdo estd em
desequilibrio econdmico, ¢ o infrator que recusa o etildmetro tem menor impacto
financeiro. Durante os cinco anos, 13.625 motoristas foram incluidos no estudo. A
propor¢do de positivos confirmados foi de 1,6% [IC95% 1.3%-1.9%], com 8§,8%
[IC95% 8,3% - 9,3%] recusando o etilometro. Os niveis de supostos positivos (a
somatoria de positivos confirmados e suspeitos) permaneceram entre 9,5% e 12,2% até
o segundo semestre de 2017, quando cairam para 5,6%, subindo novamente para o
ultimo periodo (segundo semestre de 2019). A prevaléncia de motoristas mortos sob
efeito de alcool em Sao Paulo caiu, mas permaneceu superior a da Noruega para todo o
periodo. Conclusdes: O comportamento dos motoristas variou ao longo dos cinco anos
de estudo, com os resultados equivalentes ao acima de 0,6 gramas de alcool por litro de
sangue (i.e. com concentracdo passivel de prisdo) caindo a zero. Ao final do estudo,
nove em cada dez motoristas, dentre aqueles com suspeita de consumo de etanol,
recusaram o etilometro confirmatdrio, apesar do aumento de fiscalizagdo em numeros
absolutos. Isso parece apontar para uma mudanga de eficdcia da lei ao fim do periodo de
estudo.

Descritores: Etanol; Acidentes de transito; Politica publica.



ABSTRACT

Ponce JC. Estimate of drivers under the influence of alcohol in the city of Sao Paulo
and behaviour regarding breathalyzers.[thesis] Sao Paulo: Faculdade de Medicina,
Universidade de Sdo Paulo, 2020.

Introduction: Traffic crashes are responsible for over 30 thousand deaths yearly in
Brazil. Adequate enforcement of laws, using the doctrine of deterrence theory — speed,
severity and certainty of penalties — is strongly associated with alcohol-related traffic
crashes reduction, as well as the number of fatal victims. Brazilian legislation, in its
current version, allows the driver to refuse submitting to a breathalyzer test, with similar
punishment as the lower levels of driving under the influence of alcohol. Objectives: a)
to perform a critical analysis of the Breathalyzer laws in Brazil; b) To evaluate drivers’
behavior in the city of Sao Paulo when faced with breathalyzer checkpoints between
2015 and 2019; c) to compare deaths under the influence of alcohol in Sao Paulo and
Norway. Method: a) application of game theory and decision tree analysis;
b)observational data collection through standard forms in breathalyzer checkpoints of
the Safe Driving Operation between 2015 and 2019; ¢) comparison of official databases
on traffic deaths in Sao Paulo and Norway. Results: The current legislation is out of
economic balance, because the driver who refuses can get a lower financial penalty.
Along the five years, 13.625 drivers were included in the study. The proportion of
confirmed positives was 1.6% [CI 95% 1.3%-1.9%] with 8.8% [CI95% 8.3%-9.3%]
refusing the breathalyzer. Levels of possible positives (the sum of confirmed positives
and suspected positives) remained between 9.5% and 12.2% until the second semester
of 2017, when the proportion fell to 5.6% before rising again for the last collection
period (second semester of 2019). The prevalence of drivers killed under the influence
of alcohol fell in Sdo Paulo, but remained higher than for Norway, throughout the entire
period. Conclusions: Drivers’ behavior fluctuated in the five years of the present study,
with the number of high positives (i.e. with a high enough concentration for possible
prison time) falling to zero.At the end of the study period, nine out of ten drivers,
among those suspected of driving under the influence of alcohol, refused the
confirmatory breathalyzer, although there was an increase in enforcement in absolute
number.This might point to a change in the effectiveness of the law at the end of the
period.

Descriptors: ethanol, traffic accidents, public policy
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APRESENTACAO

Quando da finalizagdo da versdo final desse texto, o0 mundo atravessa uma de
suas maiores crises sanitarias da historia apos as grandes guerras mundiais. Na data da
revisdo desse texto (8 de agosto de 2020) ja somamos mais de 100.000 mortes por
infecgdoes de SARS-CoV-2, segundo as estatisticas oficiais do Ministério da Saude, ao

longo de pouco menos de 5 meses.

Nesse momento de incerteza, ¢ crucial nos apoiarmos na ciéncia e nas politicas

publicas baseadas em evidéncias. Os dados aqui contidos podem auxiliar nesse objetivo.

Passado esse momento idiossincratico, permaneceremos com os desafios de
reduzir as mortes por causas externas. Sob essa Otica, a presente tese conta com um
breve apanhado introdutoério sobre alcool, legislacdo de transito, acidentes de transito,

fiscalizacdo e levantamentos anteriores.

Foi selecionado o modelo de compilado de artigos, em um total de trés: o
primeiro com uma analise critica utilizando teoria de jogos e avaliagdo econdmica para
estabelecer o equilibrio das atuais leis relativas a aplicagdo de etilometros em
motoristas; o segundo com a comparacao de dados de mortes por acidentes de transito
relacionados ao alcool em S3o Paulo e na Noruega no periodo entre 2005 e 2015; e o
terceiro com a analise de cinco anos de dados de aplicacdo de etildmetros na cidade de

Sao Paulo. Os artigos sdo discutidos de forma critica, em separado e, posteriormente,

em um apanhado conjunto.



1. INTRODUCAO

1.1 Consumo de dlcool

O alcool etilico ¢ a droga psicoativa mais comumente consumida no mundo,
obtido pelos processos de fermentacdo de acucares presentes em frutas e graos, como
produto do metabolismo de leveduras. A maior parte das leveduras utilizadas para
produgdo de bebidas alcodlicas faz parte do género Saccharomyces, do latim para

“fungo do agucar” (Anthony, 2009; McGee, 2004).

Estima-se que, mundialmente, existam 2.3 bilhdes de consumidores de alcool
(43% da populacdo) acima de 15 anos de idade. Dos demais 3.1 bilhdes de pessoas
nessa faixa etaria, 2.4 bilhdes (ou 44.5% da populacdo mundial) nunca consumiram
alcool. As porcentagens de atuais consumidoressao maiores do que a média mundial na

regido da Europa (59.9%) , Américas (54.1%) e Pacifico Oeste (53.8%) (WHO, 2018).

Para o Brasil, a porcentagem de abstémios nos 12 meses anteriores ao
levantamento era de 59,7% para a populacdo acima de 15 anos, com propor¢des maiores
para mulheres (72.7%) do que para homens (46.0%), em 2018 (WHO, 2018). Esses
valores sdo maiores do que os apontados para 2014, com 42.3% de abstémios em geral,

53.2% para mulheres e 30.7% para homens (WHO, 2014).

O levantamento nacional mais recente acerca do consumo de alcool pela
populacdo brasileira de 12 a 65 anos indica que em 2015, 66,4% dos integrantes dessa
faixa etdria haviam consumido alcool alguma vez na vida, 43,1% haviam feito consumo
nos ultimos 12 meses, 30,1% no més anterior e 16, 5% em padrdo de consumo

excessivo (binge drinking) (Bastos et. al, 2017). A diferenga na metodologia de coleta e



analise ndo permite uma comparacao direta, mas os levantamentos anteriores, de 2006 e
2012 apontam 52% e 50% de bebedores nos 12 meses anteriores (Laranjeira, 2014).
Guardadas as diferencas metodologicas, parece haver uma tendéncia de queda no

numero de consumidores atuais de bebidas alcoodlicas.

1.2 Acidentes de transito

Os acidentes de transito sdo responsaveis pela morte de 1,2 milhdo de pessoas
anualmente, e sdo de especial impacto para os paises de média e baixa renda (dentre os
quais o Brasil), com perdas que podem a chegar a 5% do PIB (Produto Interno Bruto).
Mesmo se considerados todos os paises, as perdas econdmicas sdo estimadas em 3% do
PIB mundial, algo em torno de 3,81 trilhdes de ddlares (CIA World Factbook, 2015).
Além disso, 50 milhdes de ferimentos ndo letais sdo registrados a cada ano.
Mundialmente, esses acidentes sdo a principal causa de morte de jovens dos 15 aos 29

anos, ¢ sao a nona causa de morte se consideradas todas as faixas etarias (OMS, 2016).

No Brasil, os acidentes de transito atualmente sdo responsaveis por mais de 30
mil mortes ao ano. Apesar de este nimero parecer estar em declinio (atingindo 38.265
em 2016, 36.430 em 2017 e 33.625 em 2018, ultimo ano com dados disponiveis), o
Brasil ainda ¢ destaque negativo se considerarmos a taxa de mortes por 100 mil
habitantes (23,4 pela estimativa da OMS; 18,5 pelos dados de mortes do DATASUS e
estimativa de populacao do IBGE). Deve-se, ainda, ressaltar que os valores apontados
no DATASUS sao, na avaliagdo da OMS, nao plenamente confidveis, devendo haver
ajuste sobre esse niumero da estimativa de casos ndo relatados, ou casos em que tenha

havido morte do individuo em decorréncia do acidente, em até 30 dias depois do evento,



mas que nao tenham sido consideradas nas estatisticas oficiais. Em contraste com o que
ocorre nos Estados Unidos e paises pertencentes a Unido Europeia, o Brasil apresentou
aumento na taxa de acidentes por 100 mil habitantes no final da década passada (Leyton

e Ponce, 2016).

Mesmo em vista da possivel retracdo no nimero absoluto de vitimas fatais no
transito, o nimero de internagdes no SUS (Sistema Unico de Satde) por acidentes de
transito tem aumentado desde 2008, atingindo 210.473 internados em 2017
(DATASUS, 2018). Isso pode, possivelmente, se dever a uma reducdo da gravidade dos
acidentes. No entanto, ¢ importante considerar o impacto econdmico dessas internagoes,
ndo apenas no sistema publico de saude como também na queda de produtividade, e
sequelas resultantes do acidente. Nessa vertente, o IPEA (Instituto de Pesquisa
Economica Aplicada), avaliando vitimas em rodovias federais, estimou os custos totais
em 12,3 bilhdes de reais aos cofres publicos. Importante destacar, no entanto, que, por
se tratar de estudos em um tipo especifico de via, foram incluidos cerca de um quarto
das vitimas fatais, sendo o valor total de custo certamente maior do que o apontado no

estudo (IPEA, 2015).

E importante ressaltar que, em sua imensa maioria, os acidentes de transito sdo
preveniveis e evitaveis. Iniciativas como melhor engenharia de planejamento de
estradas, redu¢do de velocidades méximas, leis rigidas e bem fiscalizadas para coibir
comportamentos de risco no transito e desenvolvimento de carros com melhores
condi¢des gerais de seguranga sdo comprovadamente eficazes na reducdo de mortes e

ferimentos na condug¢ao de veiculos (OMS, 2016).

Entendendo que hd a necessidade, para o desenvolvimento sustentdvel dos

paises, de reducdo dessas mortes preveniveis, a Organizacdo das Nagdes Unidas



aprovou em uma resolugdo de sua Assembléia Geral em 2010, a Década de Agao pela
Seguranca no Transito 2011-2020 (“Decade of Action for Road Safety 2011-2020”). O
programa teve inicio em 11 de maio de 2011, com o objetivo expresso de evitar 5
milhdes de mortes e prevenir 50 milhdes de feridos graves, ou ainda, reduzir em 50% as
taxas de mortalidade por 100 mil habitantes nos paises participantes (WHO, 2011;

WHO, 2015).

Dentre as causas principais de acidentes de transito podemos ressaltar fatores
humanos, mecanicos e de infra-estrutura. Dentre os fatores humanos, destacam-se a
formacdo do condutor, a atengdo, a imprudéncia e o uso de substancias psicoativas;
dentre os fatores mecanicos, destacam-se o estado de conservagao do veiculo ¢ as
evolugdes de engenharia da carroceria; dentre os fatores de infra-estrutura destacam-se a
velocidade maxima permitida na via, o desenho da via e condigdes gerais do asfalto (Ma

et al, 2019).

1.3 Legislagdo de trdnsito

Em setembro de 1997 foi promulgado o primeiro Codigo de Transito Brasileiro
(CTB), um compéndio legislativo criado para agrupar as obrigacdes dos motoristas e
definir as infragdes e crimes do condutor. Dentre os artigos introduzidos estava aquele
que versava sobre conducdao sob efeito de 4alcool, determinando puni¢des para
condutores que conduzissem veiculos com alcoolemia (concentracdo sanguinea de
etanol) igual ou superior a 0,6 g/L (gramas de etanol por litro de sangue) (Republica

Federativa do Brasil, 1997).



Em 2008, tendo a taxa de mortalidade por acidentes de transito estagnado em
volta de 20 mortes por 100 mil habitantes (Bachieri & Barros, 2011), foi promulgada a
Lei 11.705, em 19 de junho de 2008, estabelecendo dois niveis de punicdo para o
condutor sob efeito de alcool. Aquele que apresentasse alcoolemia positiva, porém
inferior a 0,6 g/L, considerada uma infragdo gravissima, receberia como puni¢cdo uma
multa (multiplicada por um fator de cinco), sete pontos na carteira e suspensao da
mesma por 12 meses; o condutor que apresentasse alcoolemia igual ou superior a 0,6
g/L sofreria, além das punicdes do nivel inferior, detengdo de seis meses a trés anos e

cancelamento da carteira (Republica Federativa do Brasil, 2008).

Essa lei foi revista e atualizada em 2012 através da Lei 12.760, para contemplar
uma multa multiplicada por um fator de 10, com multa em dobro em caso de
reincidéncia dentro de doze meses (Republica Federativa do Brasil, 2012). Em 2014, o
CTB foi novamente atualizado pela Lei 12.971, com o intuito de incluir o exame
toxicologico para identificar substancias diversas do etanol nos condutores (Republica
Federativa do Brasil, 2014). Em mais uma atualizagdo em 2016, através da Lei 13.281,
foram incluidos no CTB diversos artigos, dentre os quais o artigo 165-A, prevendo a
possibilidade de recusa de se submeter ao etilometro, porém com as mesmas punigdes
da infracdo, ou seja, multa gravissima multiplicada por 10, sete pontos na carteira e
suspensao da carteira por 12 meses (Republica Federativa do Brasil, 2016). Tal previsao
jé& existia antes no paragrafo 3° do artigo 277, que foi devidamente atualizado apos a

introducao do artigo 165-A.

Importante ressaltar que a letra atual da lei permite a identificagdo do condutor
embriagado, nos termos do artigo 306 por trés maneiras: alcoolemia direta no sangue;

alcoolemia indireta pela mensuragdo da concentragdo de etanol no ar alveloar; sinais



caracteristicos que indiquem alteragdo da capacidade psicomotora. A avaliacdo da
embriaguez pela mensuracdo direta da concentragao de etanol no sangue do condutor
(alcoolemia), realizada costumeiramente pela coleta de sangue por pun¢ao venosa em
postos médico-legais ou postos de saude, deve ser sempre acompanhada por policiais
para a garantia da cadeia de custdédia. A forma usual de mensuracdo se faz pela
cromatografia gasosa, com separacao pelo método de headspace. Tal método se baseia
no baixo ponto de ebulicdo do etanol. Uma aliquota do sangue, juntamente com um
padrao interno (de baixo ponto de ebuli¢ao também), ¢ aquecida a cerca de 70° C, e uma
amostra do gas sobre a amostra (contendo o etanol e o padrao interno) ¢ analisado pelo

cromatografo.

A avaliagdo da alcoolemia pela mensuracdo da concentracdo de etanol no ar
alveolar expirado deve seguir o procedimento adequado. A coleta do ar deve ser feita
por expiracao continuada, em volume suficiente para que a concentragao de alcool do ar
alveolar, ou seja, aquele no interior dos pulmodes e que represente correlacdo com a
concentracdo sanguinea, seja mensurada (Jones, 1990). H4 quatro tipos principais de
medidores de alcool em ar alveolar expirado: Modelos com semicondutores
(breathalyzers); Modelos com células de combustivel (alcosensors), Modelos com
espectroscopia infravermelho (intoxilyzers) e modelos de cromatografia a gas

(intoximeters).

O primeiro modelo se baseia na redug¢ao de dicromato de potassio na presenca de
alcoois, sendo inespecifico para etanol; o segundo modelo se baseia na capacidade do
etanol de ser oxidado a &cido acético e conduzir corrente entre dois eletrodos de platina.
Os medidores de espectroscopia por infravermelho se baseiam na absor¢do de

comprimentos de onda especificos para o etanol, ja considerados mais confirmatorios. A



medicao baseado em cromatografia gasosa tem como pressuposto a interagao diferencial
do etanol com o gas carreador e com a coluna de separacao, podendo ser sua identidade

atrelada ao tempo de reteng¢ao no aparelho (Win, 2006).

Outra forma de fiscalizacdo possivel do uso de etanol ¢ através de sinais
caracteristicos de alteracao da capacidade psicomotora. Tais sinais (fala incoerente,
andar cambaleante, olhos desfocados, e odor de élcool) sdao 8 vezes mais comuns em
pessoas com alcoolemia acima de 0,05 miligramas de alcool por litro de ar alveolar
expirado (o equivalente a infracdo de transito), e 30 vezes mais prevalente em
individuos com niveis cima de 0,34 miligramas de alcool por litro de ar alveolar

expirado ( o equivalente ao crime de transito) (Erbella et al, 2020).

A mesma lei que trouxe a atualizagdo do artigo 165-A trouxe novos valores para
as multas. Infragdes de natureza gravissima passaram a ser punidas com multa de valor
de R$ 293,47. Considerado o valor multiplicativo por 10, a multa para a infragdo de
dirigir embriagado com concentrac¢do abaixo de 0,6 g/L ou de recusar a se submeter ao
etilometro esta em R$ 2934,70 (valores de julho de 2018). Como sera explicitado em
outra se¢do deste estudo, o equilibrio econdmico aponta como vantajoso se recusar a

soprar o etildmetro, no caso de individuo embriagado.

1.4 Fiscalizacado de diregdo sob efeito de dlcool

Regionalmente, com o intuito de “reducao de acidentes de transito com vitimas,
em especial aqueles provocados por condutores que dirigem sob a influéncia de alcool
ou de qualquer outra substancia psicoativa que determine dependéncia”, o governador

do Estado de Sao Paulo promulgou o decreto estadual 58.881 em 8 de fevereiro de 2013



instituindo o programa “Direcao Segura”, integrando as Policias Militar, Civil, Técnico-
Cientifica e o Departamento Estadual de Transito (DETRAN) (Estado de Sao Paulo,
2013). No ambito deste programa, houve um sensivel aumento no numero de veiculos
fiscalizados (12746 em 2013 para 78009 em 2017) e no nimero absoluto de autuagdes
por embriaguez ao volante (1226 em 2013 para 5179 em 2017). O niimero de operagdes
também teve crescimento expressivo, de 67 em 2013 para 280 em 2017, com redugdo da
porcentagem de autuados (9,6% ou 1 autuado a cada 10,3 fiscalizacdes em 2013 para

6,6% ou 1 autuado a cada 15 fiscalizacdes) (Figura 1) (Portal do Governo, 2018).

Resultados de 5 anos de Direcao Segura
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Figura 1 — Veiculos fiscalizados, autuagdes e nimero necessario de veiculos
fiscalizados para se obter uma autuacao no Estado de Sao Paulo entre 2013 ¢ 2017
(fonte: Portal do Governo)

Através da solicitacao de dados pela Lei de Acesso a Informagdo ao Governo do
Estado de Sao Paulo, foram obtidos dados relativos a aplicagdo de etildmetros
confirmatorios. Houve um aumento considerdvel no numero de testes de etilometro

entre 2015 e 2019, de 37.937 no segundo semestre do ano inicial, para 202.979 ao final



do periodo, um aumento de 435%. Para o inicio do periodo foram necessarias 9,5
fiscalizagdes para cada confirmagdo de positivo, com 14 vezes mais positivos altos
(enquadrados no artigo 306) do que positivos baixos (enquadrados no artigo 165). No
ultimo periodo registrado, foram necessarias 140,9 fiscaliza¢des para cada positivo, com

5 vezes mais positivos altos do que baixos (Tabela 1).

Em relagdo ao total de fiscalizagdes, a porcentagem de recusas permaneceu, no
periodo, dentro da faixa de 6,69% e 9,88%. Contudo, a porcentagem relativa de
positivos potenciais (a somatoria de positivos confirmados e recusas) variou de 19,41%

para 8,27% (Tabela 2).

Tabela 1 — Dados de etildmetros de 2015 a 2019 para a capital de Sao Paulo,
considerando os niveis de positivo baixo (concentragdo entre o limite de
deteccédo e 0,3 miligramas de alcool por litro de ar alveolar expirado) e alto
(concentragao acima de 0,3 miligramas de alcool por litro de ar alveolar
expirado) (fonte: Policia Militar do Estado de Sao Paulo)

20 sem | 1o sem |20 sem |1osem |20 sem |losem |20sem |losem |20sem | Total
2015 2016 2016 2017 2017 2018 2018 2019 2019
Testes 37,937 | 78,538 |83,453 |89,130 | 106,722 | 108,545 | 109,509 | 189,777 | 202,979 | 1,006,590
Positivo 0.67% [0.22% |[0.14% |0.36% |0.28% [0.22% |0.19% |0.14% |0.12% [0.21%
Baixo
Positivo Alto | 9-86% |3.82% [2.62% [2.68% |1.75% [1.59% |1.14% |0.71% |0.59% |1.86%
Recusas 8.88% [8.94% |6.69% |9.88% |8.83% [8.34% [8.04% [6.87% |7.56% |7.99%
Positivos* 10.53%(4.05% |2.75% |3.04% |2.04% |1.81% |[1.33% [0.84% |[0.71% |2.07%
Positivos 19.41% [ 12.99% | 9.45% |12.93%|10.87% | 10.15% [9.37% |7.71% |8.27% |10.06%
potenciais**

*Positivo = todos os casos com resultados positivos para alcool em qualquer concentragéo acima do limite

de detecgao

**positivos potenciais = positivosconfirmados + recusas

1.5 Estimativas de percentual de condutores sob efeito de dlcool

Estimativas de acidentes de transito com participacao do consumo de bebidas

alcodlicas colocam este comportamento como um dos responsaveis por altas taxas de

letalidade. Estudo realizado com resultados de exames toxicoldgicos realizados pelo
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Nucleo de Toxicologia Forense do Instituto Médico Legal nas vitimas fatais de
acidentes de transito em Sao Paulo em 2005 apontou que 55,8% dos motoristas
apresentou alcoolemia positiva (Ponce, 2011). Outro estudo, realizado no Espirito
Santo, apontou 44,8% de positividade para 4lcool e outras drogas em vitimas fatais em
acidentes de transito em 2011-2012, com 36,1% de positividade para etanol ( Pelicao,
2016). Em um estudo realizado em salas de emergéncia em Porto Alegre, observou-se
que vitimas de lesdes traumaticas no transito apresentaram 7,8% de positividade para
motoristas e 9,2% para pedestres. Estar voltando de uma festa ou bar foi indicado como
fator de risco para sofrer ou causar um acidente de transito sob efeito de alcool (DeBoni,

2011).

Estudos sobre mortes em acidentes de transito no Brasil indicam que de 32 a
56% dos motoristas que sofrem ferimentos fatais estavam sob efeito de alguma
concentracdo de alcool no momento do acidente (Modelli, 2008; Stampe, 2010; Ponce,
2011). A maior parte destes estudos ¢ realizada com dados de institui¢cdes oficiais de
investigacdo sobre os acidentes, em especial os Institutos Médico-Legais. Ha outra
abordagem de interesse, quando se quer estimar o numero de pessoas sob efeito de
alcool, que envolve a coleta de informacdes e resultados toxicologicos , em conjunto ou
ndo com as forgas policiais. Estimativas brasileiras, em estudo realizados nas vinte e
sete capitais, indicam que 4,2% dos motoristas que trafegam em zonas urbanas , entre
meia noite e meio dia das sextas e sabados, estdo sob efeito de alguma concentracao de

alcool (Pechansky, 2012).

Um estudo de 2014, combinando relatos e testes de etilometro em Curitiba
indicaram que enquanto 8,3% dos motoristas assumiram estar dirigindo apds consumir

bebidas alcodlicas, somente 2,7% puderam ser confirmados no etilémetro, devido a uma

11



alta porcentagem de recusas (54%) (Aguilera, 2014). Resultados similares foram
observados em duas outras capitais (Palmas e Teresina), com taxas de recusa de 37,3%

e 40,2% , respectivamente (Sousa, 2013).

O comportamento de beber e dirigir, mesmo apds o endurecimento das leis,
parece continuar, apesar de uma consideravel parcela da populagdo entender ser
necessario punir a infragdo. Em estudo com amostra representativa da populacao
brasileira, pesquisadores indicaram que 34,7% dos respondentes praticam a dire¢do apos
consumir bebidas alcoodlicas (42,5% para homens, 9,2% para mulheres), ainda que
73,5% apoie punicdes aos infratores (Pechansky, 2009). Tal comportamento parece, em
uma primeira avaliacdo, ter tido redugdo apds a introdugdo da lei seca de 2008, com
27% dos motoristas com resultados superiores a 0,2 g/l em 2007, e 11% de positivos em
2009. No entanto, houve aumento sensivel de recusas, de 6,0% para 8,2%,
possivelmente indicando que apesar da lei ter efeito de reducdo de motorista sob efeito
de alcool, ha um efeito residual de recusa, entre individuos potencialmente positivos

para alcool (Campos, 2013).

Na cidade e no estado de Sao Paulo, foi notada uma sensivel redugdo de mortes
no transito, e de feridos, na comparagdo entre os periodos de antes e depois da lei de
2008 (Andreuccetti, 2011). Importante ressaltar que tal resultado positivo deve ser
avaliado com parcimdnia: estudo em hospitais universitarios que realizam corre¢ao
cirargica de traumatismo craniofacial, apesar de apontar uma reducdo de 22,4% no
nimero absoluto de procedimentos nos trés anos ap6s a lei (em comparagdo com os trés
anos anteriores), apontou um aumento da porcentagem de individuos alcoolizados nesse

universo, de 15,4% para 18,9% (Martins et al, 2013).
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Resultado similar havia sido observado quando da introdu¢ao no novo Codigo
de Transito Brasileiro (CTB) em 1997, quando o nimero de acidentes reduziu em
21,3% e o numero de mortes no local do acidente (indicativos da gravidade dos
mesmos) em 24,7%, com redugdo ainda em atendimentos em pronto-socorros, de 33,2%
(Figueiredo et al, 2001). Estudo com motociclistas também indicou redugdao de
acidentes e de evidéncias de consumo de alcool no periodo pré e pds introdugao do CTB

(Liberattiet. al., 2001).

A Iniciativa Bloomberg para Seguranca Viaria Global (do inglés Bloomberg
Initiative for Global Road Safety —BIGRS) iniciou-se em 2015, com o objetivo de
analisar o custo de ferimentos fatais e ndo fatais associados a acidente de transito.
Foram selecionadas dez cidades em nove paises (Accra em Gana; Addis Ababa na
Etiopia; Bandung na Indonésia; Bangkok na Tailandia; Bogota na Colombia; Fortaleza
no Brasil; Ho Chi Minh no Vietnd; Mumbai na India; Sdo Paulo no Brasil; e Shanghai
na China), focados em paises de renda média e baixa nos quais estdo concentradas as

mortes por acidentes.

1.6 Justificativa para o presente estudo

As estimativas de conduc¢do veicular sob efeito de alcool costumeiramente se
baseiam em auto-relato (Pechansky, 2009; Pechansky, 2012), em estudos realizados em
departamentos de pronto-socorro e emergéncia (Figueiredo et al, 2001; Liberatti et al,
2011; DeBoni et al, 2011; Korcha et al, 2013; Martins et al, 2013), avaliagao de dados
policiais ou coletas de motoristas selecionados aleatoriamente para aplicacdo de

etilometros (Andreuccetti et al, 2011; Campos et al, 2013), com dados de vitimas fatais
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em ocorréncias de transito (Ponce et al, 2011), ou com abordagens mistas (Tanara et al,
2013). Ha diferencas nas interpretacdes dos resultados, que podem sofrer de viés de
auto-relato, com o individuo querer parecer mais aderente as normas sociais, ainda que
0 questionario seja anonimo (Rosenman et al 2014); por viés de selecao das ocorréncias,
ou seja, avaliacdo apenas daquelas com ferimentos graves o bastante para requererem
atendimento, mas nao graves o bastante para causar Obitos; ou por dados incompletos

em registros policiais.

Para avaliagdes com uso de etildmetros, ha a possibilidade de evitar fiscalizagao
e punigao através de aplicativos de controle de transito (Graaf, 2018). No entanto, h4 ao
mesmo tempo uma tendéncia de uso de aplicativos de compartilhamento de corridas,
que podem resultar em queda na direcdo sob efeito de alcool. Kirk e Brazil ndo
encontraram diminuigdo, nos cinco anos posteriores a introdug¢ao de dois aplicativos de
compartilhamento de corridas (Uber &Lyft), no nimero de mortes em acidentes de
transito (Brazil, Kirk, 2016). No entanto, em estudo posterior focado apenas no estado
da California, Greenwood ¢ Wattal indicaram efeito de redugao de 3,6 a 5,6% em
mortes relacionadas ao alcool no transito por trimestre, indicando uma possivel
mudanga de comportamento (que possivelmente se reflete em menores taxas de direcao
sob efeito de alcool). (Greenwood, Wattal, 2007). Por conta da instalagdao do servigo em
junho de 2014 em Sao Paulo, com a chegada do Uber, ser anterior a 2015, o presente

trabalho ndo avalia essas diferengas especificamente.

E importante estabelecer também as evolugdes de comportamento do motorista
em relagdo a lei vigente, em especial face a consolidagdo da recusa em submissdo ao
teste de etilometro, j& prevista em versdes anteriores do Codigo de Transito Brasileiro.

Com a promulgacdo da lei 13.281 em 2016, a recusa recebeu artigo proprio (165-A),
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com puni¢ao igual ao de dirigir com concentracao abaixo de 0,6 gramas de alcool por

litro de sangue.

Outros paises, com historico de combate as mortes no transito, podem servir de
modelo dos passos a serem tomados para reduzir o numero de vitimas no Brasil. Dessa
forma, optou-se pela comparacao dos dados de mortes no transito relacionadas a alcool
entre Sao Paulo e a Noruega, o primeiro pais a estabelecer um nivel maximo permitido
para a condugdo em 1936, e que foi capaz de reduzir sua taxa de mortos por acidentes

de transito de 14,5 nos anos 70 para 2 em 2017 (Ponce et al, 2019).

Dessa forma, ¢ importante avaliar a interacdo do motorista com a legislagdo
vigente no ambito da fiscalizacdo por meio de etilometros, para estimar a porcentagem
de motoristas que dirigem em desacordo com a lei, e aqueles que se recusam a essa

fiscalizagdo de seus niveis de etanol.
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2. OBJETIVO

2.1. Objetivo geral

Analisar o atual conjunto de leis referentes a direcdo sob efeito de alcool no
Brasil, bem como interpretar possiveis pontos fracos da legislacao e de que forma tais

pontos podem influenciar o comportamento do motorista ao longo do tempo.

2.2. Objetivos especificos
a) avaliar criticamente a Lei Seca, do ponto de vista de equilibrio econdmico;
b) acompanhar os indices de dire¢dao sob efeito de alcool ao longo de 5 anos
(2015-2019);
c) comparar os dados de mortes no transito sob efeito de alcool no Brasil e na

Noruega, dentro de um periodo de 10 anos (2005 e 2015).
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3. INCLUSAO DOS ARTIGOS

Artigos cientificos componentes a tese:

Para fins de manter a padronizacio estabelecida para a tese, estes serdo

apresentados na ordem dos objetivos, nao de publicacgio.

A. Referéncia: Ponce JC ,Kawauti MCP , Andreuccetti G , Carvalho HB. 2018. Loaded

dice: a game theory analysis of drunk driving laws in Brazil. Traffic Inj Prev.19:794-8

Revista: Traffic Injury Prevention (fator de Impacto: 1.413) 2018, Volume 19, Issue § ,

794-798.

DOI: 10.1080/15389588.2018.1512748(Anexo A — manuscrito como aceito, com

autorizacao do editor da revista)

Titulo: Loaded dice: a game theory analysis of drunk driving laws in Brazil.

Autores: Julio de Carvalho Ponce; Marcela de Carvalho Ponce Kawauti, Gabriel

Andreuccetti, Heraclito Barbosa de Carvalho.

Resumo:

Objective: The aim of the study was to evaluate whether the current legislation would
encourage drunk drivers to refrain from taking the breathalyzer and thus avoid jail time.
Method: Brazilian traffic laws currently have three possible punishments for drivers
suspected of driving under the influence: a fine and suspension of license for 12 months
if the breathalyzer result is under 0.3 mg/L (by law; a result up to 0.33 mg/l would
receive the same punishment due to a later regulatory document), but positive; the same

punishment for refusals; and up to three years of jail time and cancellation of the license
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if over 0.3 mg/L. Analysis was done using decision tree analysis, as well as game theory
to evaluate the rational choice for drunk drivers according to possible financial loss.
Results: The authors have found that the rational choice, for a drunk driver, is not taking
the breathalyzer test, to avoid the heavier penalties. This, in turn, contributes to the
inefficacy of the law. Conclusion: The authors have also calculated that the fine for
refusing should be around 2.5 times higher so that the economic equilibrium would shift
towards encouraging the driver to take the test. This should also be accompanied by

other nudges to promote safe behavior in driving.
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B. Em submissao (Anexo B — manuscrito em sua versao atual)

A five-year evaluation of driver behavior in breathalyzer checkpoints in Sao Paulo

Autores: Julio de Carvalho Ponce, Gabriel Andreuccetti, Vilma Leyton, Heraclito
Barbosa Carvalho,Daniele Mayumi Sinagawa, Henrique Silva Bombana, Andres

Ignacio Vecino-Ortiz, Abdulgafoor M Bachani

Resumo:

Objective: Road traffic crashes are responsible for over 30,000 deaths in Brazil every
year. One of the main strategies to reduce road injuries is to increase enforcement,
especially regarding driving under the influence of alcohol. For that specific
intervention, the use of breathalyzers and checkpoint is closely associated with
reduction in crashes and fatalities. The aim of the present study was to evaluate driver
behavior in breathalyzer checkpoint over a 5-year period in the city of Sao Paulo.
Methods: Observational data collection in Military Police checkpoints from 2015 to
2019 in the city of Sao Paulo. Results: Overall, 13,625 drivers were stopped. The overall
percentage of confirmed positives was1.6% [IC95% 1.3%-1.9%], with 8.8% [IC95%
8.3%-9.3%] refusing the breathalyzer. Levels of suspected positives (confirmed
positives plus refusals) ranged from 9.5% to 12.2%, until the 5th round (second
semester of 2017),when suspected positives dropped reaching as low as 5.6%, before
increasing again for the last round (second semester of 2019).Conclusions: Driver
behavior changed over the five-year period, with high positives dropping to zero, and
refusals for the confirmatory breathalyzer increasing. Nearly nine in ten suspected
drivers refused the confirmatory breathalyzer in the last measurement. Breathalyzer
enforcement also increased during the study period. This seems to point to a decreased

chance of higher penalties, and thus, effectiveness of the breathalyzer laws in Sao Paulo.
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There was also a decrease in drunk drivers and potential positives, indicating a possible

reduction in drunk driving behavior.

20



C. Referéncia: Ponce JC, Andreuccetti G, Gongalves REM, Gjerde H, Bogstrand ST,
Valen A, Leyton V, Carvalho HB. 2020. Comparison of traffic data and blood alcohol
concentration among fatally injured drivers in Norway and Sao Paulo, Brazil, 2005—

2015.TrafficInjPrev, 20:7, 673-678

Revista: Traffic Injury Prevention(fator de Impacto: 1.413) 2019, Volume 20, Issue 7,

673-678.

DOI: 10.1080/15389588.2019.1648797 (Anexo C — manuscrito como aceito, com

autorizacdo do editor da revista)

Titulo: Comparison of traffic data and blood alcohol concentration among fatally

injured drivers in Norway and Sao Paulo, Brazil, 2005-2015.

Autores: Julio de Carvalho Ponce; Gabriel Andreuccetti, Raphael Eduardo Marques
Gongalves, HallvardGjerde, Stig-Tore Bogstrand, Anja Valen, Vilma Leyton, Heraclito

Barbosa de Carvalho.

Resumo:

Objective: Road traffic crashes (RTCs) are responsible for a large number of deaths
worldwide, butlow- and middle-income countries frequently present higher rates of
deaths; for example, Norway,a high-income country, has a rate of 2.0 drivers killed per
100,000 inhabitants, whereas Brazil, amiddle-income country, has a rate of 18.4. A
significant fraction of RTCs are related to use of psychoactive substances, especially
alcohol, due to its availability, legality, and relatively low price.The aim of the present
study was to evaluate differences in alcohol-related fatal RTCs in Sao Paulo, the largest
city in Brazil, and Norway during an 11-year period (2005-2015).Methods: The authors

compared databases of drivers killed in RTCs in Sao Paulo and in Norway, a country
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renowned for its success in reducing traffic fatalities and keeping them at a low
level.Results: In total, 772 victims from Norway (11 years, 2005 to 2015) and 584
victims from SaoPaulo (2 years, 2005 and 2015) were analyzed. Sao Paulo presented
higher proportions of motorcycle drivers, men involved in RTCs, and blood alcohol
concentration (BAC)-positive cases. The mean BAC for alcohol-positive cases was
similar in both sites. For both regions, the percentage ofalcohol-positive cases decreased
during the study period (from 45.6% to 35.3% in Sao Paulo and from 24.4% to 15.8%
in Norway) but remained higher for Sao Paulo.Conclusions: The study shows a different
profile of RTC victims and higher alcohol consumption among drivers in Sao Paulo.
The differences between the sites can possibly be attributed to public policies regarding
traffic safety and alcohol control, which could be further improved by following the

Norwegian model in Sao Paulo.
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4. METODOS

Para todas as etapas, conforme descrito em objetivos, os métodos estdo expostos
de forma detalhada em seus respectivos anexos. No entanto, para fins de clareza, um

breve resumo de cada uma das abordagens sera feito a seguir.

4.1. Objetivo A — Avaliar criticamente a Lei Seca

Para o objetivo a — avaliar criticamente a Lei Seca, foi utilizada a Teoria de
Jogos (especificamente de jogos seqlienciais) para avaliar as etapas de interacdo do
agente publico com o motorista. Utilizando uma arvore de decisdo, a estratégia
dominante (ou seja, aquela com maior payoff) foi analisada. Para estabelecer uma forma
numérica de comparacao de risco econdomico, foram utilizados os dados mais recentes, a
época, de média anual de renda, e uma base de dados da Policia Rodoviaria Federal

(DPRF, 2017) para estimativa de prevaléncias.

4.2. Objetivo B — acompanhar os indices de direcdo sob efeito de dlcool

Para o objetivo b — acompanhar os indices de dire¢ao sob efeito de alcool - as
coletas de dados foram realizadas dentro do projeto Bloomberg’s Initative for Global
Road Safety (BIGRS). Todas as coletas foram realizadas na presenca de equipes da
Policia Militar, sob autoriza¢dao das autoridades competentes e ndo houve contato direto

dos coletores com os individuos avaliados.

A escolha dos locais de coleta seguiu o protocolo recomendado pelos
coordenadores do projeto BIGRS. Os critérios de inclusao dos pontos possiveis de

coleta sdo: locais com areas laterais seguras, bem iluminadas e disponiveis para que os
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pesquisadores pudessem permanecer durante os levantamentos; vias que
correspondessem aos condutores da cidade pesquisada (Sao Paulo), e com baixos niveis
de transito de turistas e moradores de cidades proximas; no caso de coletas noturnas,
consultas com as entidades de seguranca publica, para assegurar que os pontos de coleta
pudessem ser montados com seguranga nesses periodos; locais com longa distancia de
pontos e interseccdes que pudessem permitir desvios ou fugas de motoristas, antes de

chegarem ao ponto de coleta.

Os observadores acompanharam blitzes da Operagao Dire¢do Segura (em suas
modalidades Integrada, com a presenca de funcionario do Detran e das Policias Civil e
Cientifica, apenas para o primeiro round-baselinee nado-Integrada, somente com a
presenca da Policia Militar). Antes do inicio da parada de veiculos e coleta de dados sao
levantadas as caracteristicas da via (sentido unico ou duplo; sentido de parada dos
veiculos; localiza¢dao geografica e tipo de pavimentagdo) e do fluxo de veiculos, através
de contagem simples de veiculos por quinze minutos (permitindo assim a estimativa de
veiculos por hora). Sdo entdao levantados dados dos veiculos parados para a fiscalizagao

do etilometro :

Variaveis independentes: tipo de veiculo, nimero de ocupantes, sexo do condutor, idade

aparente do condutor;

Variaveis dependentes: aceitagdo do etilometro de triagem; resultado do etilometro de

triagem; aceitacdo do etilometro confirmatdrio; resultado do etildmetro confirmatorio.

Os locais de coleta foram estabelecidos pela Policia Militar do Estado de Sao
Paulo, que também conduziu todas as mensuragdes nos motoristas. De forma geral, as
coletas duraram de quatro horas a seis horas e trinta minutos, das 21:30 as 04:00, em
dias de semana e de fim de semana. A todos os motoristas foi oferecido o teste do
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etildometro passivo, ou seja, sem uso de bocal e que apenas detecta a presenca de etanol,

emitindo resultado positivo ou negativo. E também chamado etilometro de triagem.

Aos que se recusaram ao etilometro passivo, os que tiveram resultado positivo

ou apresentavam sinais de embriaguez foi oferecido o etildmetro confirmatorio,

quantitativo, com uso de bocal descartavel.

tado Negativo

™~

.

Aceita o etilémetro de

Resultado positivo igual

ou acima de 0,34 mg/L
/ {art. 306}

triagem (etilometro
/ passivo ou qualitativa)

N

~ Resultade Positive

Motorista € parado

pelo agente puiblico

etilime!
confirmatério

Resultado positivo
abaixo de 0,34 mg/L
{art. 165)

Aceita o etilometro
confirmatério

Recusa o etilometro de
triagem (etili metro
passive ou qualitativo)

\ Resultado Negativo

Recusa o etilémetro
confirmatorio

(art. 165-A)

Figura 2 — Abordagem do condutor e possiveis condutas (em verde, resultado final em
que nao ha punicdo ao motorista; em amarelo, resultado final em que ha multa; em

vermelho resultado final em que hé possibilidade de prisao)

As coletas se repetiram em dois periodos do ano (primeiro e segundo semestre),

durante dois meses em cada ano, entre o segundo semestre de 2015 e o segundo

semestre de 2019.
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Resultados positivos no etilometro confirmatério (quantitativo) acima de 0,05
miligramas de alcool por litro de ar alveolar expirado foram considerados positivos,
sendo este, portanto, o Limite de Deteccao (LOD). Resultados entre este valor e 0,33
miligramas de alcool por litro de ar alveolar expirado foram considerados positivos
baixos. Valores iguais ou acima de 0,34 miligramas de alcool por litro de ar alveolar

expirado foram classificados como positivos altos.

As diferencas estatisticas foram avaliadas mediante uso do teste de qui-quadrado

e ANOVA para as variaveis categoricas.

4.3. Objetivo C — comparar dados de mortes no trdnsito por motoristas sob efeito

de dlcool no Brasil e na Noruega

Para o objetivo ¢ - comparar dados de mortes no transito por motoristas sob
efeito de alcool no Brasil e na Noruega, foram usadas duas bases de dados
independentes. Para os dados de Sao Paulo foi usada uma base de dados compilada
pelos autores através da leitura direta de laudos necroscopicos para os anos de 2005 e
2015, de vitimas fatais de acidentes de transito registrados na capital. Para os dados da
Noruega, foi usada uma base de dados anonimizada do Departamento de Ciéncias
Forenses do Hospital da Universidade de Oslo, no periodo entre 2005 e 2015. O artigo
apresentado como Anexo C explicita melhor as justificativas para a utilizagdo desses

periodos.
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5. RESULTADOS

Os resultados podem ser encontrados em maiores detalhes nos respectivos

artigos, mas apresentamos aqui um breve apanhado dos achados mais importantes.

5.1. Objetivo A — Avaliar criticamente a Lei Seca

Para o objetivo a, observou-se um desequilibrio econdomico do atual conjunto de
legislagdes de transito, com um custo 2,4 vezes maior para o individuo que, ao beber e

dirigir, aceita o teste do etilometro do que para aquele que nao o aceita.

5.2. Objetivo B — acompanhar os indices de direcdo sob efeito de dlcool

Para o objetivo b foram avaliadas nove rodadas de coletas, realizadas de agosto
de 2015 até setembro de 2019. Cada conjunto de coletas foi denominada como um
round. No total, foram acompanhadas 224 operagdes, de acordo com os enderegos
selecionados pela Policia Militar, em suas operagdes Direcdo Segura, e fiscalizados
13624 motoristas. Foram denominados rounds cada conjunto de coletas em um
semestre, feitas em um més, em dias alternados. O primeiro round, com 1057 motoristas
fiscalizados contou com o acompanhamento de 12 Operacdes Direcdo Segura, dentre as
quais algumas da Operagao Direcdo Segura Integrada, que conta com a presenca da
equipe da Policia Civil e da Policia Técnico-Cientifica para facilitar o processamento da
ocorréncia apos a autuacao original. Tais operagdes integradas aconteciam somente de
fim de semana e proximo a datas comemorativas, por determinacdo do Governo
Estadual. As coletas do primeiro round se deram entre 25 de julho de 2015 até 13 de
setembro de 2015, em sua grande maioria a noite. Pela necessidade de ter uma
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padronizagdo das operagdes, bem como de avaliar os motoristas abordados em dias da
semana, optou-se por acompanhar somente as Operacdes Direcdo Segura realizadas pela

Policia Militar, a partir do segundo round (primeiro semestre de 2016).

O segundo round avaliou 31 localidades em 12 datas diferentes, de 5 de margo
de 2016 até 3 de abril de 2016; o terceiro round 32 localidades em 10 dias diferentes, de
02 de agosto de 2016 a 28 de agosto do mesmo ano; o quarto round avaliou 24
localidades em 10 dias diferentes, de 6 de margo de 2017 a primeiro de abril do mesmo
ano; o quinto round foi realizado em 22 localidades, ao longo de dez dias, entre 2 de

setembro de 2017 e 24 de setembro de 2017.

Para o sexto round, no primeiro semestre de 2018, foram avaliadas 20
localidades ao longo de dez dias, entre 3 e 27 de marco. Para o segundo semestre de
2018, no sétimo round, foram 11 localidades ao longo de 10 dias, entre 17 de julho e 4
de agosto. Para o pentltimo round, foram 16 enderegos, em 9 dias, entre 29 de janeiro e
18 de fevereiro de 2019. Para o ultimo, entre 10 de setembro e 2 de outubro de 2019,

foram analisadas 19 localidades.

O primeiro round também foi utilizado como piloto para testar o questionario e
adapta-los para as rodadas seguintes. Nao foram coletadas informagdes de recusas no
etildmetro de triagem na primeira rodada, porém esta informagdo foi incluida nos

questionarios subsequentes.
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Figura 2 — Resultados do etildmetro de triagem na cidade de Sdo Paulo nas nove

rodadas (2015-2019) (*para o primeiro round, recusas e positivos foram agrupadas

como positivos)
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Figura 4 — Resultados do etildmetro confirmatorio (recusas, resultados abaixo do limite
de detecgao (LOD), positivos baixos, positivos altos e porcentagem de recusas dentre

aqueles selecionados para o etildmetro confirmatério) na cidade de Sao Paulo

Devido a dinamica de abordagem das blitzes, ¢ importante, além de analisar os
valores de recusa, negativos e positivos nas duas etapas (etilometro de triagem e
etilometro confirmatério),avaliar as recusas relativas aqueles que sdo parados pelo
resultado no etildometro de triagem (Figura 3). Dentre os motoristas suspeitos de
consumo de alcool (seja por resultado positivo no etilometro de triagem, seja por recusa,
seja por apresentar sinais caracteristicos de embriaguez), no primeiro round a taxa de
recusa foi de 57,7%, valor que chegou a 88,9% na ultima etapa de coleta de dados. Tal
resultado indica que apenas 1 em cada dez motoristas suspeitos de diregdo sob efeito de

alcool aceita o exame quantitativo do etilometro.

5.3. Objetivo C — comparar dados de mortes no trdnsito por motoristas sob efeito

de dlcool no Brasil e na Noruega

Houve redugdo da prevaléncia de positivos entre motoristas vitimas fatais de
acidentes com carros (55,8% em 2005, 42,1% em 2015) (p<0.05) e com motocicletas
(39,8% no primeiro periodo, 33,5% no segundo) (p<0.05) e na somatodria geral (45,6%
em 2005, 35,3% dez anos depois) (p<0.05). Para a Noruega, ndo foi observada
diminuicdo na prevaléncia de positivos entre motoristas de carros (26,1% de 2005-2009;

18,3% de 2010 - 2015) (p=0,940), mas sim para motociclistas (18,9% para 5,3%)

(p<0,01).
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6. ANALISE CRITICA DOS ARTIGOS

O conjunto de dados aqui apresentado aponta dificuldades na implementacao das
politicas publicas de transito, em especial aquelas relacionadas a direcdo sob efeito de
alcool. Inobstante, no periodo de dez anos observados para o trabalho Ponce et al, 2019
houve reduc¢do sensivel no nimero de mortes relacionadas ao alcool entre motoristas.
Contudo, o aumento da porcentagem de recusas entre condutores suspeitos de estarem
sob efeito de alcool parece apontar uma adaptagdo da populacdo fiscalizada aos

mecanismos de fiscalizagao.

6.1. Artigo A - Loaded dice: a game theory analysis of drunk driving laws in

Brazil.

O trabalho Ponce et al, 2018 apontou o desequilibrio economico do Codigo de
Transito Brasileiro e suas atualizagdes até janeiro de 2018. Trata-se do primeiro artigo
original oriundo dessa tese, com o intuito de avaliar, de forma critica, o equilibrio
econdmico do arcabougo legislativo de transito, no contexto de beber e dirigir. Para tal,
foram empregadas técnicas de andlise de teoria de jogos e economia comportamental.
Nao foram consideradas, para fins da andlise, possibilidades subjetivas de determinacao
de condugdo sob efeito de alcool, tampouco eventuais resultados juridicos, favoraveis
ou desfavoraveis ao motorista infrator. A andalise concentrou-se, portanto, no texto da

lei, e pressupds uma aplicacao objetiva e homogénea da mesma.
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Em um contexto de economia comportamental, para que se possa estimular um
comportamento positivo do agente, podem-se aplicar nudges, como incentivos a um
comportamento mais socialmente desejavel (Habyarimana, Jack, 2011). Para a anélise
das politicas de transito, costuma-se aplicar as deterrencetheories (teorias de dissuasao),
com suas duas classes principais: dissuasao geral, ou seja, politicas publicas para
desencorajar comportamentos indesejaveis; e dissuasao especifica, que sao as punigdes
para os individuos infratores (Tavares et al, 2008; Ferris et al., 2013). Para o sucesso de
politicas publicas, a luz da dissuasao geral, trés fatores devem ser observados: a certeza
da punicao, a rigidez da puni¢do e a celeridade da punicao (Daveyand Freeman 2011;

Freeman et al. 2015).

O artigo 165-A, incluido pela Lei Federal 13.281 de 2016, estabelece em artigo
independente a figura da recusa da submissdo a fiscalizacdo pelo etildometro, antes
prevista no paragrafo 3° do artigo 277. A punigdo, tanto antes quanto depois da lei de
2016, ¢ a mesma que a conducao sob efeito de concentragao de etanol abaixo do limite
para o crime de transito (artigo 306): 0,6 gramas de alcool por litro de sangue ou 0,3

miligramas de alcool por litro de ar alveolar expirado.

Dessa forma, o condutor pode optar por recusar-se a submissdo ao etilémetro e,
ainda que passivel de puni¢do caso sejam observados sinais claros de embriaguez ou a
execu¢do de um exame clinico-pericial, receber uma puni¢do menor do que aquela a
qual estaria automaticamente submetido com resultado de alcoolemia superior aos
valores estabelecidos para o crime de transito. A avaliacdo do equilibrio econdmico da
lei, realizada pelo autor no artigo Ponce et al, 2018, objetivou estabelecer, em um caso
hipotético de dire¢do sob efeito de alcool, em que o condutor ndo sabe ao certo qual sua

concentragdo de alcool no sangue, se submeter-se ao etilometro ou recusa-lo seria mais

32



vantajoso, do ponto de vista financeiro. Considerando as leis atuais, ha um custo 2,4
vezes maior, na média, em aceitar o etilometro do quem em recusa-lo, de forma que a
rigidez e certeza das punicdes acabam diminuidas, resultando em menor garantia do

sucesso da politica de dissuasao.

Pode-se postular, a partir desse resultado, uma maior probabilidade de o
condutor optar pela recusa, no caso de infragdo dolosa, ou seja, aquela cometida com
conhecimento e intencdo de resultado. Para evitar puni¢des potencialmente mais
danosas (sejam financeiras, morais, ou aquelas atribuidas ao estigma de prisdo e conduta
infratora), o individuo pode optar pela punicdo menor, isto ¢, recusar-se a aplicacao do
etilometro e sujeitar-se a multa. Isso tem impacto direto em dois elementos da teoria de
disuassao: rigidez da puni¢do (tendo em vista 0 menor impacto econdmico somado para
a recusa) e certeza da puni¢do (ao dar ao infrator a possibilidade de optar pela puni¢ao
que lhe caberia ao dirigir sob efeito de concentragdes superiores a seis decigramas de
alcool por litro de sangue — a saber, tempo de prisao, cancelamento da carteira e multa-

trocada nessa circunstancia pela multa referente a recusa).

6.2. Artigo B - A five-year evaluation of driver behavior in breathalyzer

checkpoints in Sao Paulo

O comportamento de evitar punigdes parece refletido nos resultados da aplicagao
dos etildmetros ao longo dos cinco anos do estudo atual. Apesar de uma reducdo de
casos suspeitos de dire¢ao sob efeito de alcool, pela avaliagdao do etilometro de triagem)
de 14,1% no segundo semestre de 2015 para 7,4% no segundo semestre de 2019
(p<0.01), a participagdo das recusas dentro desse percentual aumentou de 4 em cada 10
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(para o primeiro semestre em 2016; a discriminagdo nao foi feita no primeiro round)
para 6 em cada 10 no ultimo round (p<0.01). A diferenca para o etildmetro
confirmatorio foi ainda mais acentuada: dos motoristas selecionados para aplicagdo do
etilometro confirmatério, apods resultado positivo ou recusa no de triagem, 42.2%
aceitaram a aplicagdo ao final de 2015; contra apenas 11,1% no ultimo periodo
mensurado (p<0.01). Outra variac¢ao de interesse ¢ que o numero de positivos acima dos
0,34 mg/L estabelecidos pela lei apds aplicacdo da correcdo de mensuracdo do
CONTRAN, atingiu seu pico na segunda mensuragao (0,6% do total de motoristas
abordados; 4,6% dos motoristas selecionados para o etilometro confirmatorio), passou a

cair e atingiu zero nos quatro ultimos rounds.

Isso parece indicar trés possiveis hipoteses: que individuos com consumo maior
de etanol, que os enquadraria no crime de transito, ajustaram sua conduta, deixando de
conduzir veiculos; que aplicativos de informagao de transito e fiscalizacdo policial
possam ter dado ferramentas para evitar a fiscalizag¢do, por rotas alternativas, ou saidas
posteriores ao originalmente programado, por exemplo (ainda que, no nosso
levantamento, tenhamos verificado cuidado na escolha de locais de coleta justamente
para evitar esse tipo de escape); ou ainda que os motoristas com maior chance de
resultado positivo acima do limite para o crime passaram a se recusar. A diminuicao da
propor¢ao de condutores selecionados para o etildmetro confirmatorio parece apontar
um efeito misto das trés possibilidades, em especial se verificamos que apesar dessa
redugdo, a porcentagem destes que recusaram a aplicacdo do etilometro aumentou

(apontando para uma comprovagao, ao menos em parte, da ultima hipdtese).

Apesar de os dados aqui apresentados ndo permitirem uma conclusdo definitiva,

o aumento da utilizagdo de aplicativos de compartilhamento de caronas (Uber, 99 Taxis,
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Lyft), em operacao no Brasil desde 2014, mas regulamentados pela Lei 13.640/2018,
trouxe nao apenas competitividade com aplicativos de Téxis regulamentares, mas
também novos usudrios que ndo usavam esses aplicativos (Resende e Lima, 2018).
Apesar de um estudo em um centro de traumas ter apontado uma queda no numero de
pacientes feridos em acidentes associados ao consumo de alcool (Friedman et al, 2020),
outros ndo observaram essa associacao (Hildsen, Lund, Leeper, 2020). Um estudo no
Brasil, avaliando o niimero de acidentes (mas sem especificar se tratavam-se daqueles
relacionados aos alcool ou ndo) ndo encontrou redugdo no numero absoluto de
acidentes. No entanto, houve reducao significativa de acidentes aos sabados e
domingos, em especial a noite, podendo ser parte da reducdo atribuida a migragao de
potenciais condutores sob efeito de alcool (Pinto, 2018). Esses periodos foram
detectados pelo autor como os de maior participagdo do etanol em acidentes fatais

(Ponce et al, 2011).

6.3. Artigo C - Comparison of traffic data and blood alcohol concentration among

fatally injured drivers in Norway and Sao Paulo, Brazil, 2005-2015.

O trabalho Ponce et al, 2019 demonstrou as diferencas ao longo de 10 anos na
aplicacdo das leis de transito no Brasil (utilizando a cidade de Sao Paulo como
referéncia) e a Noruega. Aquele pais foi escolhido por conta de seu histérico de
enfrentamento do beber e dirigir, tendo sido o primeiro pais a estabelecer um limite
maximo permitido para beber e dirigir, de 0,5 gramas de alcool por litro de sangue em
1936 (Andenaes, 1988), e por manter consistentes niveis baixos de mortes no transito.
Guardadas as devidas diferencas sdcio-economico-demograficas, a Noruega atingiu em

2017 a taxa de 2 mortes por 100 mil habitantes, ao passo que, no mesmo periodo, o
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Brasil chegou a 18,4, com a taxa de 6,8 para Sdo Paulo inferior ao observado no restante

do pais.

O estudo foi realizado durante o periodo em sanduiche no Departamento de
Ciéncias Forenses do Oslo Universitetsykehus (Hospital da Universidade de Oslo), com
bolsa PDSE da CAPES, nimero 8881.187661/2018-01, sob supervisao e orientacdo do
Dr. Hallvard Gjerde. Foram utilizados dados de 2005 (que ja haviam sido objeto de
dissertacdo de mestrado deste autor) e 2015 para Sao Paulo e de 2005 até¢ 2015 para a
Noruega, a fim de aumentar o poder estatistico, dadas as diferencas de prevaléncia

observadas.

Os dados apontaram uma reducdo da prevaléncia de positivos entre motoristas
vitimas fatais de acidentes com carros (55,8% em 2005, 42,1% em 2015) (p<0.05) e
com motocicletas (39,8% no primeiro periodo, 33,5% no segundo) (p<0.05) e na
somatoria geral (45,6% em 2005, 35,3% dez anos depois) (p<0.05). Para a Noruega, ndo
houve reducdo na prevaléncia de positivos entre motoristas de carros (26,1% de 2005-
2009; 18,3% de 2010 — 2015) (p=0,940), mas sim para motociclistas (18,9% para 5,3%)

(p<0,01).

Essa diferenga pode ser atribuida a uma série de fatores. O nivel de fiscalizacao
de leis, pelo numero de testes de etilometro, ¢ 8,7 vezes maior na Noruega (1.189 testes
por 100 mil habitantes) do que em Sao Paulo (137 testes por 100 mil habitantes). H&
ainda diferencas de composicao social e étnica, o que pode explicar as diferencas de
impacto de politicas publicas em diferentes estratos (Nazif-Mufioz et al, 2019). Paises
escandinavos, como a Noruega, tem costumeiramente maior participagao e engajamento
social no desenvolvimento de leis (Vrangbak, 2018) o que pode explicar maior adesao

as mesmas. A Noruega também possui um mercado regulado e altamente taxado de
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bebidas com teor alcoodlico acima de 4,5%. O Brasil, por outro lado, tem um mercado
pouco regulado, e um numero elevado de postos de vendas de bebidas alcoolicas

(Laranjeira, 2007; Solheim, 2014).

Dessa forma, ha indicagdo de que as politicas atuais de enfrentamento ao beber e
dirigir, em especial o advento da Lei Seca em 2008, ja abordado em Andreuccetti et al,
2011, foram importantes para a reducao da acidentalidade relacionada ao consumo de

alcool.

6.4. Analise critica conjunta dos artigos

Para os aplicativos de verificacdo de situacdo de transito e presenca de
fiscalizacao policial, houve um aumento de 50% na base de usuarios entre 2016 ¢ 2019,
atingindo 4,5 milhdes nesse ultimo ano (Exame, 2016; Faustino, 2019). Em avaliagao
durante as fiscaliza¢des do ultimo round, foram feitas 70 verificagdes da presenca de
aviso no aplicativo Waze (indicados pela marcacao de policial nas cercanias do local da
fiscalizacao). Em 58 ocasides foram observadas as marcacdes. Foram feitas mais de
uma verificagdo, ao inicio e durante a fiscalizagdo. Em todos os 19 locais observados,

em pelo menos um dos periodos havia indicagdo do Waze sobre a operagao.

Apesar dos obstaculos aqui apresentados, a queda no nimero de condutores
mortos em acidentes de transito sob efeito de alcool entre 2005 e 2015 pode ser em
parte atribuida ao maior uso de etilometros, bem como possiveis melhorias em
seguranc¢a de rodovias e conscientizagdo sobre os riscos da dire¢cdo sob efeito de alcool

(Ponce et al, 2019). O aumento no niumero de fiscalizagdes de etilometros entre 2015 e
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2019, apresentado no capitulo de resultados e no trabalho final (em submissdo) também
podem ter impacto sobre as taxas de acidentes sob efeito de alcool, diretamente ligadas

a certeza de puni¢do almejada pelas teorias de dissuasao.

Os resultados apresentados aqui, no conjunto dos dados analisados, permitem
inferir que, apesar de no ambito global o Brasil ainda apresentar resultados acima do
ideal para mortes no transito relacionadas ao alcool e de taxas de embriaguez ao volante
possivelmente auxiliadas por uma lei com a possibilidade de recusa, a cidade de Sao
Paulo apresentou resultados inferiores aos observados de forma nacional e mundial na
prevaléncia de motoristas infratores (Sousa, 2013; Bhalla, 2013; Li, 2017, Banerjee,

2019).

Ainda assim, as limitagdes impostas pela atual legislacdo, com a possibilidade de
recusa, € desequilibrio econdmico tendendo para a recusa, podem condenar o pais a
manter taxas mais altas de acidentalidade, tendo em vista a punicdo comparativamente
leve no caso da recusa. Aumentos de punigdes, em especial quanto a rigidez, tem
resultado de redugdo de acidentes e ferimentos (Tavares et al, 2008; Andreuccetti et al,
2011). Para acidentes relacionados ao consumo de alcool, hd uma série de intervengdes
possiveis, incluindo treinamento para aqueles que servem alcool, regulamentos de
quando, como e onde as bebidas alcodlicas podem ser vendidas, além das
regulamentacdes especificas para os motoristas (Toomey & Wagenaar, 1999; Voas et.
al, 2000). A diminuicao de limites maximos permitidos para direcao sob efeito de alcool
também auxilia na redu¢do do nimero e gravidade de acidentes de transito (Tippetts et

al, 2005; Fell et al, 2006; Andreuccetti et al, 2011).

Com o corpo de dados coletados e analisados no decorrer dessa tese, pudemos

estabelecer que a lei brasileira carece de dispositivos que garantam uma puni¢do maior
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(financeira ou ndo) ao motorista infrator que se recusa a passar pelo teste do etildmetro;
que a recusa, em sendo economicamente mais vantajosa, tem sido cada vez mais
selecionada como conduta em fiscaliza¢des na cidade, apesar de uma queda no nimero
de positivos; e que, ao longo de dez anos e, como demonstrado em outros trabalhos, por
conta da Lei Seca, a prevaléncia de vitimas fatais sob efeito de alcool em acidentes de
transito reduziu no Brasil sem, no entanto, atingir niveis desejaveis como os da

Noruega.

Esses achados permitem vislumbrar que estamos, a passos curtos, no caminho
certo. O aumento de fiscalizagdo por etilometros esta associado a esses resultados e
parece, por plausibilidade, ser a explicagdo para a diminuicao da dire¢dao sob efeito de
alcool (suspeita ou confirmada), associado a um aumento de opgdes de mobilidade na
cidade (ciclovias, aplicativos de compartilhamento de corridas, etc). Essas vertentes,
ainda que nao objeto direto do presente estudo, merecem atencdo e investigacao por

serem uma forc¢a de reconfiguracao do espaco urbano.

O aumento de fiscalizagdes por etilometro impactam diretamente na certeza de
punicdo, ainda que a lei permita optar por uma puni¢do menor ao oferecer a recusa
como possibilidade. Tal esfor¢co deve ser acompanhado de uma discussdo objetiva sobre
o impacto da lei e a importancia de dispositivos de desestimulo a recusa, ou, ainda
melhor, de estimulo ao cumprimento da lei. Ainda que se possa argumentar que, a luz
do Pacto de San Jose de Costa Rica, o individuo ndo pode ser obrigado a dar prova
contra si mesmo, o direito a dirigir pode ser lido como um privilégio (cuja op¢ao em
ndo exercer ndo restringe nenhum direito bésico), e, portanto, poderia seguir regras
distintas. Ao se solicitar a Carteira Nacional de Habilitagdo, por exemplo, o condutor

poderia se comprometer a fornecer amostras de sangue ou ar alveolar expirado, ou ser
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considerado culpado em caso de recusa. Outra possibilidade ¢ de reajustar as punigdes
(cuidando-se para que nao haja apenas aumento da multa, sob risco de que ela seja vista
como um “imposto” sobre dirigir embriagado, que protegeria desproporcionalmente
infratores de renda mais alta) para diminuir o desequilibrio econdmico apontado da

legislagao atual.

Inobstante, os resultados aqui apontam que a diregao de aumentar a fiscalizagao
por etildmetros e estabelecer novas leis pode ter como resultado a desejada reducao de

direcao sob efeito de alcool.

7. CONCLUSAO

No escopo geral do presente estudo, foi possivel avaliar que ha um desequilibrio
econdmico quando a legislagdo sobre o beber e dirigir ¢ aplicada aos motoristas
fiscalizados através do etilometro, com menor impacto econdmico para aqueles que
optam pela recusa. Essa possibilidade de evitar maiores punigdes, prevista pela

legislagdo vigente, pode ter impactos importantes.

Houve aumento no numero de recusas do etilometro confirmatorio ao longo dos
anos pesquisados, chegando a 9 a cada 10 suspeitos de conduzir sob efeito de alcool,
apesar de ter havido uma reducao na proporcao de condutores suspeitos. O nimero de

condutores comprovadamente conduzindo sob efeito de concentracdes de alcool que
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configurariam o crime de transito chegou a zero para os quatro ultimos rounds do

levantamento principal.

Os dados parecem apontar para uma maior conscientizagdo sobre a lei e os
comportamentos admitidos para o motorista, a0 mesmo tempo em que ha uma redugdo
dos casos potencialmente positivos (a somatoria de confirmados positivos e recusas).
Isso se traduz em um numero possivelmente menor de condutores embriagados

trafegando pela cidade de Sao Paulo.

A redugdo na prevaléncia de motoristas embriagados indica a diminui¢cdo de um dos
fatores de risco de grande associacdo com acidentalidade e fatalidade. Essa tendéncia
parece encontrar apoio na redug¢do da porcentagem de motoristas vitimas fatais de
acidentes de transito com alcoolemia positiva entre 2005 e 2015 (55,8% em 2005,

42,1% em 2015) na cidade de Sao Paulo.

Nesse mesmo periodo, houve aumento da fiscalizagdo por meio de etilometros, o
que pode ter resultado em maior conscientizacdo sobre a lei e suas limitagdes. A
intensidade de fiscalizacdo também estd associada a reducdo de acidentes e mortes no

transito.
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Anexo A — Manuscrito final aceito do paper publicado na Traffic Injury Prevention

Ponce JC, Kawauti MCP, Andreuccetti G, Carvalho HB. 2018. Loaded dice: a game
theory analysis of drunk driving laws in Brazil. Traffic Inj Prev. 19(8):794-798.doi:

10.1080/15389588.2018.1512748

Abstract

Objective: The aim of the study was to evaluate whether the current legislation would
encourage drunk drivers to refrain from taking the breathalyzer and thus avoid jail time.
Method: Brazilian traffic laws currently have three possible punishments for drivers
suspected of driving under the influence: a fine and suspension of license for 12 months
if the breathalyzer result is under 0.3 mg/L (by law; a result up to 0.33 mg/l would
receive the same punishment due to a later regulatory document), but positive; the same
punishment for refusals; and up to three years of jail time and cancellation of the license
if over 0.3 mg/L. Analysis was done using decision tree analysis, as well as game theory
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to evaluate the rational choice for drunk drivers according to possible financial loss.
Results: The authors have found that the rational choice, for a drunk driver, is not taking
the breathalyzer test, to avoid the heavier penalties. This, in turn, contributes to the
inefficacy of the law. Conclusion: The authors have also calculated that the fine for
refusing should be around 2.5 times higher so that the economic equilibrium would shift
towards encouraging the driver to take the test. This should also be accompanied by

other nudges to promote safe behavior in driving.
Keywords: drunk driving; deterrence; alcohol; traffic; game theory;
Introduction

Every year, around 1.25 million people die in traffic accidents, with considerably higher
rates in low and middle-income countries. Although these countries account for half of
the world’s motorized vehicle fleet, the number of deaths in traffic crashes there
represent 90% of the world’s total. Worldwide, those fatalities are the most prevalent

cause of death for the population aged 15 to 29 (WHO, 2016).

In Brazil, in 2015 39,543 people died in traffic crashes (DATASUS, 2017). Estimates of
the percentage of accidents in which alcohol and drugs were contributing factors do not
exist on a national level. There are, however, some regional studies that indicate that

about half of those crashes are due to alcohol consumption (Ponce et al, 2011).

In the last few years, changes were made in Brazil aiming to solve this issue. The
Brazilian Traffic Code (Law 9.305, September 23 1997) and its updates have
established two classes of infractions related to driving under the influence of alcohol:
article 165, establishes driving under the influence of alcohol as a severe offence,

punishable with a fine (R$ 2,934.70 / 901.76 US dollars) and a suspended license for
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12 months; and article 306 which establishes as a crime driving with a Blood Alcohol
Concentration (BAC) above 0.6 grams of alcohol per liter of blood, or 0.3 milligrams of
alcohol per liter of exhaled air, punishable by prison from six months to three years, fine
(the same value as the infraction, i.e., R$ 2,934.70 / 901.76 US dollars ) and suspension
or prohibition of obtaining a driver’s license (which is cancelled and can’t be requested
again for a period of two years) (Brazil, 2008; Brazil, 2012). The law also provides for a
refusal, according to an understanding that a person should not be forced to provide
proof against themselves, in article 165-A, with a punishment equal to the infraction in
article 165 (fine and suspension of license). It is also worth stressing that although the
law sets a higher limit for the breathalyzer of 0.3 miligrams of alcohol per liter of
exhaled air (mg/l), due to possible errors in measuring and considering the maximum
variation in the allowed instruments of 10%, punishment is given only to those drivers

whose test shows a concentration of 0.34 mg/I or higher.

Since Brazil and many other Latin American countries have ratified the American
Convention of Human Rights, there is a difficulty in establishing punishment with the
participation of the accused (American Convention of Human Rights, 1969). That is due
to article 8, which establishes that no person should be forced to give evidence against
themselves. This has influenced laws in Brazil, Uruguay and Chile, especially regarding

traffic and drunk driving (Brasil, 2008; Chile, 2018; Uruguay, 2010).

Behavioral economics can encourage agents to behave in the best way for society.
Nudges may be used as an auxiliary incentive to the financial fines shown previously.
For example, aiming to stimulate drivers in Kenya to drive safely, as well as to include
passengers in this process, an intervention combining stickers put on transports calling

passengers to report reckless driving, as well as a lottery to reward drivers who didn’t
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remove those stickers, reduced by half the number of claims of compensation for
crashes in those transports (used as an indication, by the researchers, of a global
reduction of accidents) as well as the severity of claims, with reduced casualties

(Habyarimana& Jack, 2011).

Considering that deterrence theory establishes that individuals avoid the infringing
action (which includes driving under the influence of alcohol) through incentives and
punishments enacted by the enforcing agencies (Tavares et al, 2008), deterrence can
also happen by punishing the drivers (especially if there is a higher chance, or at least a
perception, of it happening) and by prevention, encouraging drivers to make the safer
choice. There are two basic classes of deterrences: general deterrence (policies and laws
enacted to discourage people from taking risky or unwanted behavior); and specific
deterrence ( actual punishment of unwanted behaviours) (Ferris et al, 2013). General
deterrence also establishes that, to ensure successful enforcement, there are three main
things to consider: certainty of apprehension (rate of individuals who commit an
infraction and are punished for it), severity of sanctions (how strict the punishment is)
and swiftness of sanctions (time it takes from the identification of the infraction to the
punishment itself) (Davey &Freeman, 2011; Freeman et al, 2015). In the current paper

we evaluate the severity of sanctions for drunk driving and the possibility of refusal.

The present study aims to evaluate the current laws and loopholes that might keep the
Brazilian DUI law, whose initial purpose is removing potential offenders from the

streets and increasing traffic safety, from fulfilling its role.

Method
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We have chosen Game Theory, specifically a general analysis of strategic interaction
with sequential games (Varian, 2006), to evaluate the law. In short, this method
supposes that the choice for each player is observable and, more importantly,
irreversible (considering the choice by the driver to take the breathalyzer test or not) and
completely observable by the other player (public safety officer). With only two players
(the driver and the public safety officer) we have decided to analyze it as a sequential

competition game with mixed strategies and a finite number of plays.

Mixed strategies refer to those in which agents randomize their actions, i.e., there is a
probability attributed to every choice as well as the payoff sums and dominant strategies
will be drawn based on those probabilities. Even if drivers might not have complete
knowledge of the payoffs, the general knowledge of the law, as well as the assumption
that drivers will, most of the time, make the rational choice, allows for this approach.
Payoffs refer to the benefit or loss by the agent at the end of each possible sequence of

choices.

Using a decision tree, the dominant strategy (highest payoff) for the driver was
analyzed. The public safety officer aims to find the drunk driver and stop him from
driving; the driver wishes to avoid not only the temporary prohibition of driving, but

also the financial consequences of that action.

Considering the observable actions of both players, and the possible economic impact of
sanctions (including fines, prison time and suspension of the driver’s license), the
authors have chosen to analyze all possible results of the interaction between the drunk
driver and public safety officer. Non-drunk drivers were not the aim of the current
analysis since refusing to take a breathalyzer test, when the player knows the result

beforehand, would not make sense.
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In the sobriety checkpoints followed by two of the authors (part of a current project,
data collected not shown), drivers were randomly selected and subjected to a passive
triage breathalyzer. In case of refusal or positive, they were stopped for a confirmatory
breathalyzer. After being explained what the consequences of a positive result or
refusal, drivers are asked to take a confirmatory breathalyzer test, which can have three
possible results: negative, and the driver is then released; positive above the detection
limit of 0.05 mg/L (milligrams of ethanol per liter of exhaled air) and positive above the
limit for a traffic crime which is 0.33 mg/L (milligrams of ethanol per liter of exhaled

air), already considering possible measurement errors, as explained in the introduction.

For estimations of economic risk, the authors have used the average annual income for
all paid work, effectively received in the trimester ending in July 2017 for the Brazilian
population, according to IBGE (Brazilian Institute of Geography and Statistics). For the
estimations of the probability of breathalyzer results, a publically available database

compiled by the Federal Road Police was used (DPRF, 2017).

All values in reais were extracted from the databases, laws and estimates presented.
Values were converted into dollars using the exchange rate on March 10™ 2018: USS$ 1

=R§$ 3.258 (OFX, 2018).

The full decision tree is expressed in Figure 1:
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Figure 01- Full decision tree of drivers in sobriety checkpoints.

For this article, the nodes of interest are expressed in Figure 2, since those are the only

ones that might result in interaction between agents, with a possible economic outcome.
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choice
Public Safety __f(’
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Figure 02- Decision tree of interest to the current paper

Results

Possible outcomes of the driver’s decisions are underlined in Figure 3.
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Figure 03 — Decision tree for drunk drivers with possible results

Considering the database of traffic violations from the Federal Road Police for
November 2016 to April 2017, 10.822 drivers refused to take the breathalyzer test;
11.273 took the test with a positive result, of which 3.470 above the legal limit for the
crime. Thus, in an universe of 22.095 possible positives (adding all confirmed positives
with refusals), there are 15.7% cases punished with prison (DPRF, 2017). We estimated
a 5% chance of having a negative result, i.e., the driver drunk and drove, but there was
enough time for the ethanol to be fully metabolized (either due to the distance driving,
the time before the driver started driving, or the number of drinks the driver had). The
driver, however, cannot be absolutely sure it will be a negative result. Furthermore, we
present the payoffs for every situation in which the driver takes the breathalyzer test,

and also when he refuses.

Result A: Result A is when the drunk driver is stopped at the checkpoint, takes the
breathalyzer test and has a positive result, but with a concentration in the range to be
considered an infraction, not a crime. The probability of this result is estimated at
79.3%. The total loss calculated to be taken by the driver is the sum of the fine

(R$2,934.70 / US$ 901.76), and the estimate of money spent with public transport in the
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12 months the driver will have his license suspended. This second estimate was made
the following way: the average price of bus tickets in all Brazilian capitals in
December/2017 was calculated (weighing by population) as R$ 3.65 per trip (US$
1.12). Considering round trips, it was estimated the total expense is R$2,564.90
(US$787.03) for the 12 month period. The payoff is calculated as (the negative sign

indicates the driver receives an economic loss)

Payoff(A) = —Probability(A) * {fine(infraction) + additionalexpenses}

Payoff(A) = — 79,3% * {R$ 2,934.70 + R$ 2,564.90}

Payoff(A) = —R$ 4,361.18

(US$ 1,338.21)

Result B: Result B is when the drunk driver is stopped at the checkpoint, takes the
breathalyzer test and has a positive result, above the limit for a crime, which results in
more severe punishment. The probability of this result was estimated as 15.7%, from
the Federal Road Police database. The total loss by the driver is the sum of the fine (R$
2,934.70/ US$ 901.76), the expenses with public transport for 2 years (considering
that’s how long the driver has to be without a license after having it cancelled,
calculated the same way as for result A, which comes to R$ 5,129.79/US$ 1803.52), the
expenses to get a new license (estimated in R$ 1,000.00/US$340.75) and the economic
cost of jail time. The last item refers to the cost of loss of freedom. For that estimation,
the real average income of the Brazilian working population, calculated by IBGE
(Brazilian Institute of Geography and Statistics) for the first trimester of 2017 was

R$2,323.00/US$713,80. That amount was multiplied by 21 (considering the median
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point between 6 months and 36 months; the lowest and highest jail time for Driving
Under the Influence). The total cost of detention is R$ 48,783.00/US$14,989.80. The
payoff is calculated as (the negative sign indicates the driver receives an economic

loss):

Payoff(B) = —Probability(B)
* {fine(infraction) + additionalexpenseswithtransport

+ expenseswithanewlicense + costofjailtime}

Payoff(B) = —15,7%

* {R$ 2,934.70 + R$ 5,129.79 + R$ 1,000.00 + R$ 48,783.00}
Payoff(B) = —R$9,082.06

(US$ 2,790.69)

Result C: Result C is when the driver who had previously drunk is stopped at the
checkpoint, takes the breathalyzer test, but has a negative result (due to having
metabolized the alcohol completely). The probability of this result is 5.0%. In that case,

there is no cost for the driver. The payoff is calculated the following way:

Payoff(C) = Probability(C) = R$ 0.00

Payoff(B) = 5.0% * R$ 0.00

Payoff(B) = R$ 0.00

(US$ 0.00)
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Overall result for the driver who takes the test:To find the overall result for the driver

who takes the breathalyzer test, we have to sum up all the payoffs for results A, B and

C, as follows:

Result(takethebreathalyzertest) = Payoff(A) + Payoff(B) + Payoff(C)

Result(takethebreathalyzertest) = (—R$ 4,361.18) + (—R$ 9,082.06) + (R$0.00)

Result(takethebreathalyzertest) = (—R$ 13,443.24)

(US$ 4,130.77)

Thus, the expected loss by the driver who takes the breathalyzer is US$ 4,130.77.

Result D: Result D is that in which the driver refuses to take the breathalyzer test. In
this case, the cost is a fine of R$2,934.70/US$901.76 added to the cost of having a
license suspended, estimated at R$ 2,564.90/US$ 787.03 for one year. The payoff is

calculated the following way:

Payoff(D) = Probability(D) * {fine(infraction) + additionalexpenses}

Payoff(D) = — 100,0% * {R$ 2,934.70 + R$ 2,564.90}

Payoff(D) = —R$ 5,499.60

(US$1,689.89)

Overall result for the driver who refuses the test:The driver who refuses the test has an

economic penalty of US$ 1,689.89.

We can thus conclude that an individual who has drunk and is stopped at a checkpoint
would rationally opt to refuse the test, since taking the breathalyzer would, on average,

have an expected economic penalty US$ 2,440.88 higher than not taking it.
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Discussion

The field of behavioral economics (analyzing people’s reactions to incentives, economic
or otherwise)has been increasing in importance, with a recent Nobel Prize awarded to
Richard Thaler and colleagues for their contributions on how psychological factors play
into economic decisions (Jolls et al, 1998). There have been a number of studies
evaluating that the possibility of financial loss and even imprisonment is not entirely
efficient to suppress disapproved behavior, and to stimulate acceptable and beneficial
behaviors. Thus, it is worth analyzing the other incentives that might help shape drive
behavior in inhibiting dangerous driving. It is worth noting that this is a fairly recent
field, and there are a number of additional studies that may enhance the knowledge of

the theories described here (Jolls et al, 1998; Thaler, 2016; Thaler, 2018).

One important thing to consider is the construction of non-economic incentives based
on behavioral economics. That construction takes into account the fact that agents are
immersed in cognitive biases, i.e., systematic errors in judging which in turn generate
actions which are not the best for the individual well-being. Since we’re dealing with
inhibiting drunk driving, it is worth citing social norms, since those are the behaviors
that are expected for the majority of individuals, for the overall well-being of society
(Dolan et al, 2009). The more people behave according to one norm, the more will other
individuals be inclined to behave the same way. From that point of view, even if the
driver who drinks and drives has an incentive to not take the breathalyzer test (such as
getting a less strict punishment), intensifying random breathalyzer checkpoints may be
an important incentive to reduce reckless driving, and encourage behavior according to
social norms. They might be effective because they increase the probability that the

driver who drank is identified and has to pay a fine (and other punishments), which
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would promote abstaining from drinking and driving. Yao et al (2016) have
demonstrated that prisons for drunk driving, which are directly dependent on higher
rates of enforcement, are associated with a reduction in fatal accident involving alcohol.
It is estimated that a 10% increase in arrests and enforcement results in a 2.3% decrease
in prevalence of driving under the influence of alcohol (Hansen, 2015). There’s also
evidence that the introduction of random breath testing in Australia has led to an 18%
decrease in traffic-related deaths. The diversity of strategies, such as mobile alcohol
detection labs, and higher rates of enforcement have also been responsible for a

continued decrease (Davey & Freeman, 2011).

Agents base their decisions on past experiences, among other things (Bruch and Atwell,
2015) . If there was no checkpoint in the previous month, for example, the driver will
make his choice based on his (low) possibility of there being a checkpoint when he
decides to drink and drive, and prioritizes driving over a small chance of being
punished. This relates to the certainty of apprehension evaluated by deterrence theory

(Davey & Freeman, 2011).

It is worth underscoring that this is not about the driver’s lack of knowledge of the
consequence of his actions. But the feedback of what might happen, be it punishment or
negative outcomes relative to wellbeing, gives them a sense of their probability (in
some cases, perceived as lower than it really is). An example of that is what is done in
Brazil with cigarette packs, which have pictures on the back showing possible negative
health outcomes of smoking, and which has had a real impact in reducing the number of

smokers (Tuma, 2007).
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The problem is that this only makes sure the individual knows the consequence of their
actions, but not necessarily will make the best choice when at a bar, or social setting, for
example. Here, we can invoke Kahneman’s Dual Process Theory. Although one has
knowledge of the consequence of their actions, drivers use their quick and intuitive
thinking from System 1, which responds more easily to the impulse of the pleasure of
drinking in the heat of the moment of making the decision, in detriment to System 2
which will be used in a more careful and comprehensive evaluation of the consequences
in their “cold state” (Morewedge&Kahneman, 2010). This would, then, explain why

most, but not all, drivers who are drunk might choose to not take the breathalyzer.

The results show that, given an expectation of loss in each of the possible scenarios, the
drunk driver that was stopped in a checkpoint has a clear incentive to not take the
breathalyzer test, getting away with lower fines and overall financial loss. Thus, we

conclude the law could be improved with a higher fine for refusing to take the test.

One must considerer that, although the driver knows if he has drunk or not, and,
supposedly, has control over his own intake of alcohol, due to individual variables, the
negative result of the breathalyzer can’t be discarded. Thus, for the drunk driver there is
a decision to take (taking the breathalyzer test or not), with one possible result for the
refusal, and three possibilities for taking the test: a result high enough to be classified as

a traffic crime; a positive result compatible with an infraction; and a negative result.

Knowing a priori the possibility of being punished (and being informed when stopped,
as is protocol), it is up to the driver to decide to take the test or not. From the data we
have presented, it is clear that the economic equilibrium for the driver is to not take the

test, incurring in a lower financial loss. This, however, ends up neutralizing the aim of
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the law: removing the drivers who commit a crime of driving with high BACs from the

streets, and punishing them with jail time.

To overcome this loop in the law, one of the ways would be to shift the economic
equilibrium so that taking the test is more advantageous than refusing. Thus, the fine for
refusing should be above R$13,443.24 / US§ 4,130.77. A study in Portugal has shown
that increasing the severity of punishment results in reduction of accident and injury
rates (Tavares et al, 2008). Furthermore, mixed strategies of enforcement, when
increased, lead to greater adherence to prison time imposed and educational campaigns

can help in the positive results of traffic fatality reduction.

Situations in which the driver has the perception of a possibility to avoid severe
punishment make the deterrence effect ineffective, i.e., the driver chooses to take a risky
behavior knowing there is a lower chance of being punished (Tavares et al, 2008). This
has been shown in a study by Ferris et al (2013), in which increases in Breathalyzer
Checkpoints resulted in lower traffic crash rates. In the present study, this translates to
a possibility of the drunk driver with a BAC over the higher legal limit choosing to

refuse to take the breathalyzer test, diminishing the effect of the law (Ferris et al, 2013).

This effect is demonstrated in Fell et al (2014), which, evaluating imprisonment and
enforcement data of 72 police jurisdictions in the US, found that higher rates of jail time
for DUI and perception of punishment is associated with lower rates of collisions under

the effect of alcohol (Fell et al, 2014).

In that regard, applicable punishment to the infringing driver should not be restricted to
fines and other financial obligations, but also overall approaches of perception of
punishment, discouragement of infringing behavior and of relapse. Promotion of
desirable behavior (i.e. driving safely) should also be part of public policies aiming to
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change behavior and overall rates of traffic offenses and fatalities (Fell et al, 2014;

Ferris et al, 2013; Tavares et al, 2008).

The results presented here might also be of use in evaluating laws in other countries in
which the punishment for refusal is not as severe as for the higher BAC, such as in

Chile and Uruguay (Chile, 2018; Uruguay, 2010).
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ABSTRACT

Objective: Road traffic crashes are responsible for over 30,000 deaths in Brazil every
year. One of the main strategies to reduce road injuries is to increase enforcement,
especially regarding driving under the influence of alcohol. For that specific

intervention, the use of breathalyzers and checkpoint is closely associated with
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reduction in crashes and fatalities. The aim of the present study was to evaluate driver
behavior in breathalyzer checkpoint over a 5-year period in the city of Sao Paulo.
Methods: Observational data collection in Military Police checkpoints from 2015 to
2019 in the city of Sao Paulo. Results: Overall, 13,625 drivers were stopped. The
overall percentage of confirmed positives was 1.6% [1C95% 1.3%-1.9%], with 8.8%
[IC95% 8.3%-9.3%] refusing the breathalyzer. Levelsof suspected positives (confirmed
positives plus refusals) ranged from 9.5% to 12.2%, until the 5™ round (second semester
of 2017),whensuspected positives dropped reaching as low as 5.6%, before increasing
again for the last round (second semester of 2019).Conclusions: Driver behavior
changed over the five-year period, with high positives dropping to zero, and refusals for
the confirmatory breathalyzer increasing. Nearly nine in ten suspected drivers refused
the confirmatory breathalyzer in the last measurement. Breathalyzer enforcement also
increased during the study period. This seems to point to a decreased chance of higher
penalties, and thus, effectiveness of the breathalyzer laws in Sdo Paulo. There was also
a decrease in drunk drivers and potential positives, indicating a possible reduction in

drunk driving behavior.

Keywords: traffic, alcohol, breathalyzer, drunk driving, law enforcement

Introduction

Road traffic crashes were responsible for over 1.3 million fatalities in 2016, affecting
mostly low and middle-income countries and children to young adults, with important
economic impacts (WHO, 2018; Gopalakrishnan 2012). Alcohol consumption has
consistently been linked to increased risk of road traffic crashes, and no amount of
alcohol is considered safe for driving (Taylor et al, 2010).

70



Drunk driving laws have an important role in deterring drivers from committing traffic
offenses through prevention, leading drivers to avoid the offending behavior and thus
choosing the safer alternative; and through punishment, for drivers who have already
behaved in opposition to the law (Tavares, 2008). Deterrence theory also defines three
characteristics a law and its application of punishment should have in order to be

successful: certainty, severity and swiftness (Freeman et al, 2015).

Brazilian law in theory is already severely flawed, due to it allowing for the possibility
of the driver refusing to take the breathalyzer test, thus decreasing the certainty and
severity of punishment (Ponce et al, 2019). Currently, laws in Brazil state that a driver
can refuse the breathalyzer (receiving a punishment equal to the lowest punishable
positive result), or take the test and be subjected to fines and, depending on the BAC
level, prison time. It has been shown that integrated interventions, including
educational campaigns and increased use of breathalyzers, can effectively reduce

alcohol-related traffic crashes rates (Voas, 1997; Fell, 2019).

Brazil has a very highnumber of traffic deaths, ranking as the third country worldwide
(WHO, 2018). China and India, the top two countries in absolute numbers, have
considerable larger populations, putting Brazil at the unenviable top position for G-20
countries (WHO, 2018). Although considerable progress has been made in traffic safety
in Brazil in the last ten years,it has not been able to drop the road traffic fatality rate to
acceptable levels, as it stands currently at 18.4 per 100,000 inhabitants (DATASUS,
2019). Preliminary data from 2018 shows the current sum of total traffic accident
victims at 32,121, with nearly a third (10,359) in the Southeast region, where Sdo Paulo

is located (DATASUS, 2020).
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The city of Sao Paulo, the largest in Brazil with a population of 11 million, however,
has a lower rate of road traffic deaths than the country average - 6.8 per 100,000
inhabitantsin 2018, down from 12.8 in 2012 (SEADE , 2019). The percentage of alcohol
positive fatalities remains high (35.3% in 2015), but has dropped from 45.6% in 2005

(Ponce et al, 2019).

Aiming to evaluate risk factors in road safety, the Bloomberg Initiative for Global Road
Safety (BIGRS) selected 10 cities, with two being in Brazil (Sao Paulo and Fortaleza),
with data collection starting in the second semester of 2015. This paper presents the data
collectedfor drivers stopped at breathalyzer checkpoints from that date until the second

semester of 2019.

The aim of the current study is to establish the levels of adherence to the current traffic

laws as well to monitor the evolution over time of driver behavior and profile.
Methods

The Bloomberg Initiative for Global Road Safety (BIGRS) has been created to evaluate
the main risk factors for traffic accidents (alcohol consumption, speeding, seatbelt and
helmet use, and child safety seats) in 10 cities around the world. Measurements were
done in rounds, i.e., trained researchers accompanied the Military Police in their
breathalyzer checkpoint for a minimum of 9 and a maximum of 11 (average = 10.2)
days over a month. Measurements were done following the Military Police’s
availability and authorization in August 2015 (1* round baseline), March 2016 (Round
2), August 2016 (round 3), March 2017 (round 4), September 2017 (round 5), March
2018 (round 6), July 2018 (round 7), February 2019 (round 8) and September 2019

(round 9).
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For drunk driving enforcement, the Military Police in conjunction with the Traffic
Department of the State of Sao Paulo were responsible for defining the locations and
conducting the roadside breathalyzer tests. Tests were usually performed between 21:30
and 04:00, in three locations for each neighborhood, distributed along all five regions of
the city. Trained data collectors were responsible for observing drivers and the
application of the breathalyzer tests, with no direct contact or personal identification of
the participants. Trained data collectors filled out a questionnaire with the following
variables, by observation: Location, road type, number of lances, road surface, date,
start time, end time, direction of travel, traffic flow (vehicles in a 15 minute period),
weather, type of vehicle, vehicle ownership type, sex of the driver, estimated age of the
driver, screening test requested, screening test performed, screening test result,

quantitative test requested, quantitative test performed and quantitative test result.

Drivers were stopped randomly and submitted to a screening qualitative breathalyzer
(positive/negative). Refusals to screening and positives were asked to stop for a
quantitative breathalyzer test. Application of the Brazilian law has been explained in
further detail in two previous papers by the authors (Andreuccetti et al, 2019 ; Ponce et

al, 2018).

Data from citywide breathalyzer enforcement for the same period as the data collection
was provided by the Military Police of the State of Sdo Paulo through an Information

Access Request.

‘Potential positives’ refers to added numbers of confirmed positives and refusals for
which a final quantitative result was not obtained. Results are presented as

PERCENTAGE [RANGE FOR 95% CONFIDENCE INTERVAL].

Statistical analysis
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Prevalence estimates for the outcomes studied were calculated for all periods of data
collection and compared using Poisson exact 95% Cls. Tests (Pearson’s chi —squared)
for statistical significance (p<0.05) were performed using STATA V.13.1.19. Linear
regression was applied to evaluate change of behavior over time using citywide

breathalyzer data.

Results

Analysis of driver profile

In total, 13,625drivers were stopped over the period of the study.A majority of drivers
were males (85.95% [84.40% - 87.52%]), and aged 25-59 (89.94[89.43 - 90.45%]). A
difference was found for driver sex between the rounds (p=0.0245), with round 7 having
the largest proportion of females - 16.32 % [ 14.24- 18.57%] - and round8 the smallest -
12.28% [10.78 - 13.91%]. A difference was also found for age distribution (excluding
under 18s), with the two first rounds having a greater proportion of people aged 18-25

than subsequent rounds.

The majority of vehicles stopped were Sedans - 82.28% [81.63 - 82.92%]- and privately

owned - 97.81% [97.54 - 98.04%)].

Driver behavior with the breathalyzer test

Confirmed positives in the overall sample was 1.65% [1.44 - 1.88%], which increases to
8.82% [8.34 - 9.30%]ifall refusals to the quantitative test are assumed to be positives

(i.e., when refusals are considered potential positives).

That value changed over time. The percentage of confirmed positive results (for both
levels of sanctions) fell from 4.1% [2.9-5.4%] in the first roundto 1.8% [1.1-2.5%] in

the fourth round, and then to 0.7% [0.4-1.2%] in the last round (Figure 1; Table 1).
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Figure 1 — Percentage of confirmed negatives, confirmed low positives (BrAC<0.34
mg/L), confirmed high positives (BrAC>0.33 mg/L) and refusals, over a five-year

period.

For potential positives, this percentage was 12.2% at baseline [10.3 — 14.3%], falling
from the 6th round (6.7% [5.6 — 7.9%]), picking up again in the last round (9.4% [7.9 —

10.9%]).

Acceptance of the quantitative breathalyzer (i.e. people who had tested positive or
refused the screening breathalyzer and were then asked to submit to the quantitative
test) in the baseline was 42.28% [34.35 - 50.21%]. Starting with the fifth round (1%
semester of 2018) there was a decrease(p<0.01), and that difference was maintained
until the last round, when it reached 11.11% of acceptance[6.13 - 16.09%], i.e., 88.89%

[95.87 - 83.91%)] of drivers refused taking the confirmatory breathalyzer (Figure 2).
g
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Figure 2 — Percentage of acceptance or refusal of the confirmatory breathalyzer (i.e. for

drivers suspected of driving under the influence either by testing positive in or refusing

the screening breathalyzer)

Round Negative (%) Low Positive | High Positive Refusal (%) Potential Total

[CI95] (%) (%) [CI95] Positives(%)
[CI95] [CI95] [CI95]

1 928 (87.7%) 38 (3.6%) 6 (0.6%) 36 (8.1%) 130 (12:2%) 1058
[85.7%:89.7%] [2.5%;4.7%] | [0.1%;1.0%] [6.5%-9.8%)] [10.3%;14.3%)]

2 1732 (90.1%) 54(2.8%) 12 (0.6%) 125 (6.5%) 191 (9.9%) 1923
[88.7%:91.4%] [2.1%;3.5%] | [0.3%;1.0%] [5.4%-7.6%)] [8.6%; 11.3%)]

3 1038 (88.2%) 22 (1.9%) 4(0.3%) 113 (9.6%) 139 (11.8%) 1177
[86.3%:90.0%] [1.1%;2.6%] | [0;0.7%] [7.9%;11.3] [10.0%;13.7%]

4 1334 (90.1%) 22 (1.5%) 3(0.2%) 121 (8.2%) 146 (9.9%) 1480
[88.6%:;91.7%] [0.8%:;2.1%] | [0;0.4%] [6.8%;9.6%] [8.3%;11.4%]

5 1540 (90.5%) 19 (1.1%) 1 (0.1%) 141 (8.3%) 161 (9.5%) 1701
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[89.1%:91.9%] | [0.6%;1.6%] | [0;0.2%] [7.0%:9.6%] | [8.1%;10.9%]
6 1672(933%) | 14(0.8%) | 0(0.0%) 106 (5.9%) | 120 (6.7%) 1792
[92.1%:94.5%] | [0.4%;1.2%] [4.8%:7.0%] | [5.5%:7.9%]

7 1094 (94.0%) | 7 (0.6%) 0(0.0%) 63 (5.4%) 70 (6.0%) 1164
[92.6%:95.3%] | [0.2%;1.0%] [41%:6.7%) | 14.69:7.4%)

8 1660 (94.4%) | 4(0.2%) 0(0.0%) 95 (5.4%) 99 (5.6%) 1759

[4.3%:6.5%]
[93.3%:95.4%] | [0:0.5%] [4.6%; 6.7%]
9 1424 (90.6%) | 11(0.7%) | 0(0.0%) 136 8.7%) | 147 (9.4%) 1571
[89.2%:92.1%] | [0.3%:1.1%] [7.3%:10.0%] | [7.9%;10.8%]
Total | 12422 (91.2%) | 191 (1.4%) | 26 (0.2%) 986 (7.2%) | 1202 (3.8%) 13625
[90.7%:91.6%] | [1.2%:1.6%] | [0.1%:0.3%] | [6.8%:7.7%] | [8.3%:9.3%]

Table 1 — Negatives (established by screening or confirmatory breathalyzers), Low
Positives (BrAc< 0.3 mg/L), High Positives (BrAc > 0.3 mg/L), Refusals, Potential

Positives (Added Positives and Refusals) in Sao Paulo 2015-2019.

Driver behavior between tests

Since, unless they tested negative in the screening, drivers were subjected to two tests
(screening and confirmatory), driver behavior regarding acceptance could change. For
the 604 drivers who refused the screening test, and were offered the second test, 456

(75.4%) refused the confirmatory test as well.

Those who changed their choice between the tests tested either positive (49.0; 8.1%) or
negative (100.0; 16.5%). In total, only seven drivers (all of them in the rounds before

2018) who refused the screening breathalyzer had a BrAC in the confirmatory test
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above 0.34 mg/L (and thus suffered a higher penalty than they would have, had they

decided to refuse that test as well).

For those drivers who tested positive in the screening test (668), 444 (66.5 %) refused to

take the confirmatory test, 95 (14.2%) tested negative and 129 (19.3%) had that result

confirmed.

Comparison with citywide breathalyzer data

Through an information request to the government of the State of Sao Paulo,

researchers were able to get data for all breathalyzers tests carried out in the city of Sao

Paulo from 2015 to 2019.

In the period analyzed, there was a greater than 5-fold increase.There was a downward

trend for positives (R* = 0.655; p=0.009). The number of potential positives dropped to

less than half (Table 2).

20 sem | 1o sem |20 sem|1lo sem |20 sem |lo sem |20 sem |lo sem |20 sem | Total

2015 | 2016 2016 2017 |2017 2018 2018 2019 2019
BreathalyzerTests [ 37,937 | 78,538 | 83,453 |89,130 | 106,722 | 108,545 | 109,509 | 189,777 | 202,979 | 1,006,590
Low positive 0.67% [0.22% |0.14% |0.36% |0.28% |0.22% |0.19% |0.14% |0.12% |0.21%
High Positive 9.86% [3.82% |2.62% |[2.68% |1.75% |1.59% |1.14% |0.71% |0.59% |1.86%
Refusals 8.88% [8.94% |6.69% |9.88% |8.83% |834% |8.04% |6.87% |7.56% |7.99%
Positives 10.53% | 4.05% |2.75% [3.04% |2.04% |1.81% |1.33% |0.84% [0.71% [2.07%
Potential 19.41% | 12.99% | 9.45% |12.93%|10.87% | 10.15% |9.37% |7.71% |8.27% |10.06%
Positives*

*Potential positives = confirmed positives + refusals

Table 2 — Breathalyzer data from 2015 to 2019 (source:

Sao Paulo)

Military Police of the State of
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Figure 3 — Breathalyzer data in the current study and citywide data, with negatives,

refusals, low positives and high positives in the confirmatory breathalyzer

Discussion

The variations in positive results for the breathalyzer indicate a reduction in willingness
to take the test. This has been postulated by the authors in a previous paper (Ponce,
Kawauti, Andreuccetti, & Carvalho, 2018), due to the lack of penalties for drivers who
refuse, and the possibility of refusal with a lower overall economic and judicial penalty.
Drivers seemed to be in favor of the legislation, at least in the first two years after its
enactment; 9 out of 10 declared they felt positive about the law and that it contributed to
public safety (Jomar et al, 2013). Refusal being the ‘best’ option for the drunk driver
could explain why the number of high positives (above 0.6 g/L) dropped to zero starting
with the 6th round (1st semester 2018) (Table 1). Meanwhile, the percentage of people

who refused the confirmed breathalyzer rose as the rounds progressed. There is a
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possibility that drivers were more aware of the chance of being caught and that the
consequences would be less severe in choosing to refuse; or that drivers were made
aware of increased police enforcement through shared guidance apps, such as Waze,
and thus avoided driving through a route where encountering a breathalyzer checkpoint
was possible (Rosenfeld & Kraus, 2017). We were not, however, able to prove this

statistically in the current study.

The changes in behavior between the two tests allow for interesting hypothesis. Some
people might refuse the confirmatory breathalyzer believing the results would be
comparable to the screening breathalyzer. However, the percentage of false positives is
not worse than disposable single and multi-use breathalyzers (Ashdown et al, 2014).The
majority of people (75.4%) who refused the screening test did not take the confirmatory
breathalyzer, indicating that the intervention done by public officers in explaining the
law and the consequences did not convince those drivers to take the test. For 16.5%, the
second test proved negative and they were let go without any punishment. The results
presented in the current study indicate that the increase in refusals for the confirmatory
breathalyzer may lead to an ineffectiveness of the law, due to the driver being able to
choose lower penalties, and avoid jail time. The number of potential positives decreased
in the study period, which may point to increased awareness of the law, or higher
avoidance of the breathalyzer checkpoints (through mobile apps, for example). Overall
refusals (i.e. refusals over the number of total drivers evaluated) did not change over
time, suggesting that the number of potential positives dropped due to the decrease of
confirmed positives, which could indicate that there was a decrease in drivers under the
influence of alcohol being stopped at breathalyzer checkpoints. Whether this is a true
decrease in drunk drivers, or an avoidance of breathalyzer checkpoints could not be

established in the present study, but deserves further exploration. Similar studies in
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other Brazilian cities evaluating acceptance of the breathalyzer have shown levels of
prevalence of positives ranging from 3.1 — 60%, depending on the group selected

(Jomar et al., 2013; Souza et al., 2013; Campos et al, 2013; Jomar et al, 2016).

The data presented hereindicates that, if laws are not updated, the probability of
punishing a drunk driver with higher BAC levels will remain low. Drivers seem to have
learned the loopholes of the current law and might continue to refuse the breathalyzer,
understanding that there is little to no stimulus to do so. There has been, however, a

reduction in potential positives and confirmed positives over a five-year period.
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V, Carvalho HB. 2019. Comparison of traffic data and blood alcohol concentration
among fatally injured drivers in Norway and Sao Paulo, Brazil, 2005-2015. Traffic Inj

Prev. 20(7): 673-678.doi: 10.1080/15389588.2019.1648797

Abstract

Objective: Road traffic crashes (RTCs) are responsible for a large number of deaths
worldwide, butlow- and middle-income countries frequently present higher rates of
deaths; for example, Norway,a high-income country, has a rate of 2.0 drivers killed per
100,000 inhabitants, whereas Brazil, amiddle-income country, has a rate of 18.4. A
significant fraction of RTCs are related to use of psychoactive substances, especially
alcohol, due to its availability, legality, and relatively low price.The aim of the present
study was to evaluate differences in alcohol-related fatal RTCs in Sao Paulo, the largest

city in Brazil, and Norway during an 11-year period (2005-2015).

Methods: The authors compared databases of drivers killed in RTCs in Sao Paulo and in
Norway, a country renowned for its success in reducing traffic fatalities and keeping

them at a low level.

Results: In total, 772 victims from Norway (11 years, 2005 to 2015) and 584 victims
from SaoPaulo (2 years, 2005 and 2015) were analyzed. Sao Paulo presented higher
proportions of motorcycle drivers, men involved in RTCs, and blood alcohol
concentration (BAC)-positive cases. The mean BAC for alcohol-positive cases was

similar in both sites. For both regions, the percentage ofalcohol-positive cases decreased
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during the study period (from 45.6% to 35.3% in Sao Paulo and from 24.4% to 15.8%

in Norway) but remained higher for Sao Paulo.

Conclusions: The study shows a different profile of RTC victims and higher alcohol
consumption among drivers in Sao Paulo. The differences between the sites can
possibly be attributed to public policies regarding traffic safety and alcohol control,

which could be further improved by following the Norwegian model in Sao Paulo.

Introduction

In 2016, road traffic crashes (RTCs) resulted in 1.35 million deaths, and RTCs
have become the leading cause of death for children and young adults aged 5-29 years
(World Health Organization [WHO] 2018). They disproportionately affect low- and
middle-income countries, where there has been a marked increase, now accounting for
90% of all roadtraffic deaths, even though most traffic crashes are preventable

(Gopalakrishnan 2012).

Norway was the first country to establish a legal limit for driving under the
influence (DUI) of alcohol, of 0.5 g/kg (about 0.5 g/L), in 1936. This limit was based on
scientific studies of the degree of impairment in relation to bloodalcohol concentration
(BAC) among a large number ofarrested drivers (Andenaes1988). Based on deterrence
theory, the enforcement of the law was strong and the sentencewas strict: All DUI

offenders were sentenced to at least 3 weeks’ imprisonment.

The BAC limit in Norway was lowered to 0.2 g/kg in2001 with an equivalent
limit in breath, and gradedsanctions were implemented (Christophersen et al. 2016). Ifa

driver refuses to give a breath alcohol test, a blood sample may be taken by force for
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alcohol and drug analysis according to the Norwegian Road Traffic Act. Norway has
been able to reduce the number of road traffic fatalities from 14.5 per 100,000
inhabitants in 1970 to 2.0 killed per 100,000 inhabitants in 2017 (Statistics Norway

2019).

In Norway, 79.3% of registered motor vehicles are cars and light 4-wheelers,
and 7.7% are motorcycles (WHO2018). The incidence of DUI of alcohol among

random drivers is about 0.2% (Christophersen et al. 2016).

In Brazil, the road traffic fatality rate has been around 18-20 per 100,000
inhabitants since 1980 but with a smalldecrease after 1997 when a new traffic code was
implemented; it currently stands at 18.4 (Departamento delnformatica do SUS
[DATASUS] 2019).Sao Paulo, on the other hand, which is the largest city inBrazil with
over 11 million inhabitants, had a road traffic fatality rate of 6.8 per 100,000 inhabitants
in 2016, downfrom 12.8 only 4 years earlier. In the city, 70.2% of the registered motor
vehicles are cars and light 4-wheelers and 13.5%are motorcycles (SecretariaEstadual de

Analise deDados 2019).

Brazil introduced a legal BAC limit of 0.8 g/L in blood in1989. Since then,
several changes in drunk driving policyhave been implemented, most notably in 2008
and anupdate in 2012 to include greater sanctions (Christophersenet al. 2016). Current
sanctions and their implications havebeen discussed in further detail in another article
(Ponceet al. 2018). Further improvements to the law in 2012 werealso associated with

reductions in the number of fatal victims in the country’s capital, which was not

observed with the 2008 law (Guimaraes and Silva 2019).

A previous investigation comparing both countriesshowed that 2.7% of drivers
in Brazil had BAC > 0.2 g/L in2008-2009, compared to 0.2% in Norway (Gjerde et
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al.2014). Evaluation of breathalyzer checkpoints in Sao Pauloshowed that between 2015
and 2017 the prevalence of positives decreased from 4.1% to 1.2%, with an increase
inrefusals, reaching 76% for drivers suspected of driving underthe influence of alcohol

(Andreuccetti et al. 2018).

The aim of this study was to compare the prevalence ofalcohol use among
drivers and riders killed in road trafficcrashes in Norway and the city of Sao Paulo. This
may, inturn, allow researchers and public policymakers from developing countries,
especially those from South America withlaws similar to Brazil, understand
shortcomings in their current laws, as well as what developed countries with

lowerindicators have done to achieve their levels.

Methods

We performed a cross-sectional retrospective study withdata from drivers killed
in road traffic crashes from the cityof Sao Paulo, Brazil, and the country of Norway.
Thismethod of data collection was chosen due to the relativeease of collecting
secondary data from official records andbecause it is the recommended design for
establishing prevalence of a given characteristic (in the present study: Driverswho were
killed in traffic crashes and presented a positiveresult for alcohol). Truck drivers,
bicycle riders, pedestrians,and all other traffic crash victims who did not fit into

theincluded categories or for which that information was notavailable were excluded.

Data from Sao Paulo, Brazil, were obtained from directreading of coroner’s
reports from victims killed in the cityof Sao Paulo in the years 2005 and 2015; data
from Norwaywere obtained from an anonymized database from theDepartment of
Forensic Sciences of Oslo University Hospitalfor the period 2005 to 2015. This was
done due to the largedifferences in RTC rates and to increase statistical power.Post hoc

88



analysis showed an increase in statistical power bysimulating the use of data from only

the 2 years (2005 and2015) in the Norwegian data, from 0.97 to over 0.99.

Variables collected for all cases were vehicle type, year of death, age group
(under 18, 18-24, 25-34, 35-44, 45-54,55-64, 65+), sex, type of crash, BAC, and
region. Caseswithout postmortem toxicological analyses, including

alcoholconcentration, were not included.

From that method of collection, we gathered 772 casesfor Norway and 584 cases
for Sao Paulo with complete dataincluding BAC. In both regions, for the periods

studied, thisamounts to 63% of all traffic fatalities registered.

Vehicles were grouped into 2 categories: Vehicles with aprotective body around
the driver (such as cars and vans)were grouped together; vehicles in which the driver is
moreexposed (such as motorcycles and mopeds) were grouped inanother. Types of
crashes were reclassified into single-vehicle crashes, multiple-vehicle crashes, and

unknown.

Statistical analysis, including post hoc calculation of statistical power, was
performed using PASW Statistics for Windows, Ver. 18.0 (SPSS Inc. 2009).
Continuous variableswere analyzed using Student’s t test for comparing groupsand
categorical variables were analyzed using chi-squareanalysis, because they seemed to be
the most adequate forthe quality and nature of data presented here. Results
wereconsidered statistically significant at P < .05. Results werefurther checked for
Bayesian factor (BF) analysis, using anonline calculator developed by Dienes, with
conversion ofvalues for contingency tables used for the chi-square calculation, odds
ratios, and standard errors, done by the methoddescribed in Beard et al. (2016). All
values are expressed asBF10; that is, how much more likely the alternative hypothesis is
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compared to the null hypothesis. Interpretation of BFwas done using Jeffrey’s updated

scale (Beard et al. 2016),where the references for the online calculator arealso available.
Results

The profile of drivers killed regarding sex and age is shownin Table 1, and the

prevalence of positive results for eachperiod and type of vehicle is shown in Table 2.

Victims in Sao Paulo were younger and had a greaterprevalence of males for
both periods analyzed (Table 1).Over the 2 periods in Norway, there were more
victimsfrom 4-wheeled vehicles than 2-wheeled ones, also with ahigher proportion of
alcohol-positive results for the firstgroup. In Sao Paulo, there were more victims from
2-wheeled vehicles, but that group also had a lower percentageof positive results than
cars and vans (Table 2).When analyzing the type of vehicle involved in the fatalcrashes
studied, the proportion of motorcycles was higher inSao Paulo than in Norway (P <
.001; BF > 105). There wasalso a difference in the distribution of type of
vehicleinvolved in the fatal crashes in Sao Paulo between 2005 and2015 (P < .001;
63.4% to 79.3% of motorcycles; BF > 105;Table 2). In Norway the reduction of
positives for 4-wheeledvehicle drivers from 26.1% in 2005 to 18.3% in 2015 wasnot

statistically significant (P 1/4 .940; BF 14 2.47).

The sex distribution was also different, with a higher proportion of women
(17.9%) in Norway than in Sao Paulo(3.4%; P < .001; BF > 105). Regarding type of
vehicleinvolved, the proportions were nearly inverted: 78.1% of thekilled drivers in
Norway had been driving cars and vans,whereas 70.9% in Sao Paulo had been riding
motorcycles(P < .001; BF > 10°). When age groups were compared,there was a
statistically significant difference in the distributionfor the whole period (P<.001; BF =
149.1).
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When comparing age groups, Norway had a higher meanBAC for people aged
25 and up, when compared to youngerdrivers with a positive result (P<.01; 25 and
over:1.88 + 0.10; under 25: 1.48 = 0.87; BF = 3.41). The sameresult was not found for

Sao Paulo (P=0.607; BF = 0.061).

Alcohol appears to be more associated with single-vehiclecrashes for both
regions (P<.01; BF = 2.192) than withcrashes involving 2 or more vehicles. Single-
vehicle crasheswere also associated with younger driver age (P<.05; BF = 0.386) and
had a higher prevalence of male victims (90% insingle-vehicle crashes; 84% in

multiple-vehicle crashes).

There was a greater proportion of alcohol-positive victimsamong young males
when comparing within regions andwithin type of vehicle, except for 4-wheeled
vehicles in Sao Paulo (P=0.655; BF = 0.05).There was also an overall difference in the
proportion ofpositive BAC results for both countries between the overallperiods
analyzed (P<.001; BF > 10°), for comparison inthe same period between regions (P<.01
for both periods,BF > 10° for both comparisons), but also for comparisonbetween

periods for the same region (Norway: P<.01; BF =15.4; Sao Paulo: P<.05; BF = 4.6).

Sao Paulo had higher percentages of BAC-positive driversthan Norway in both
periods (45.6% and 35.3% compared to 24.4% to 15.8%, respectively). There were
reductions overtime for both regions, with statistically significant differences(P<.001 in
Norway; P<.05 in Sao Paulo). The mean BACin those periods, however, remained
unchanged in Norway(P=0.617 for comparison between 2005-2009 and 2010-2015;
P=0.699 for the comparison between 2005 and2015; BF = 0.09 and BF = 0.11,
respectively) with a meanBAC of 1.71 £ 0.072 but increased in Sao Paulo, going

from1.55 £0.11 g/L to 1.88 £0.17 g/L (95% confidence interval;BF= 20.39).
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There were no differences between mean overall (bothperiods combined) BAC
for cases with positive alcoholresults regarding region analyzed (Norway: 1.71 £+ 0.072
g/L;Sao Paulo: 1.68 + 0.049 g/L; BF= 0.13) or type of vehicle (4-wheelers: 1.71 +
0.057; 2-wheelers: 1.68 + 0.059; BF = 0.09)involved in the crash. BAC means did not
differ significantlyin any of the regions according to gender (P=.149 inNorway; BF =

0.43; P=.06 in Sao Paulo; BF = 3.64).

Though there was a difference in the prevalence of alcoholaccording to type of
vehicle in Sao Paulo in 2005 (55.8%for cars, 39.8% for motorcycles; P<.001; BF =
9.36), thisdifference was not seen in 2015 (42.1% for cars, 33.5% formotorcycles;
P=.276; BF = 0.53). For Norway, a statisticallysignificant difference was not found for
the first period butwas present for the second (26.1% for cars, 18.9% formotorcycles in
2005; P=.203; BF = 0.97; 18.3% for cars,5.3% for motorcycles in 2015; P<.005; BF =

12.7).

Discussion

The present study showed that the prevalence of alcohol useamong fatally
injured drivers was higher in Sao Paulo thanin Norway, for both car/van drivers and

motorcycle riders.

There was, however, a decrease over time in both regions,with strong evidence
for that effect in Norway and only amoderate effect in Sao Paulo, as can be seen by

analysis ofthe BF. The profile of victims was also different andchanged over time.

In both regions and periods, drivers of motorcycles wereoverrepresented
compared to the number of vehicles. This ismost likely due to the greater lethality and

probability ofbeing involved in a fatal crash, estimated to be 25.7 timeshigher than that
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for 4-wheeled vehicles (Nunn 2011). Therewas also an increase in the percentage of
motorcycles in thetotal number of fatal crashes analyzed in Sao Paulo. From2008 to
2015, there was a 64.5% increase in motorcycles inthe city but only a 28.3% increase in
cars registered (SecretariaEstadual de Analise de Dados 2019). Thoughdeaths among
motorcycles drivers might be related togreater vulnerability due to the structure of the
vehicle, alower percentage of positive BACs was found. Howeverthere was no

difference in mean positive BAC compared tocar drivers.

The proportion of positive BACs was greater among 4-wheeled vehicles for both
regions and periods (P<.01),even though there was a greater absolute number of
victimsfrom 2-wheeled vehicles in Sao Paulo. This might be due tothe higher crash risk
when driving motorcycles, the higherlethality in those RTCs, and the greater proportion

ofmotorcycles in the fleet of registered vehicles in that city.

Alcohol-positive cases presented similar BACs in bothcountries, for both
genders and types of vehicles analyzed.This is in accordance with international
literature that pointsto concentrations above 1.5 g/ being most likely to
seriouslyreduce driving ability and thus being a major factor in causingtraffic crashes
(Leporati et al. 2015). The increase in themean BAC for positive cases in Sao Paulo
might point tocases with higher BACs being impervious to other improvementsin traffic

policies that were enacted in the meantime.

Single-vehicle crashes appeared to have a higher prevalenceof alcohol use when
compared to other types, althoughBF analysis shows that the current sample can only
provideanecdotal evidence of this effect. BAC is associated with agreater rise in risk for
single-vehicle crashes than for multiple-vehicle crashes (Voas et al. 2018). For car

drivers inSao Paulo, strong evidence of no statistical difference in theprevalence of
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positives between single-vehicle and multiplevehiclecrashes was found, which, in
conjunction with thehigher BAC means for 4-wheeled vehicle drivers, points to
apossible higher culpability of those drivers under the influenceof alcohol, regardless of

the number ofvehicles involved.

The decrease in the proportion of alcohol-positive resultsin both regions may
point to an improvement in road trafficsafety, including law and enforcement as well as
increasedpublic awareness of risks associated with drunk driving,although it is difficult
to pinpoint the exact reason for thischange. Norway has had strict DUI legislation and
sanctionsfor many decades. In addition, enforcement has been strong,with frequent
random breath testing controls by the MobilePolice Service. Combined with frequent
information campaigns,one outcome is that driving after drinking alcohol is not socially
accepted. The incidence of DUI of alcohol hasdecreased over time; the first study
performed in 1970 foundthat 2.0% of drivers at nighttime had a BAC > 0.5 g/kg;studies

during recent years indicate a decrease to 0.1%(Christophersen et al. 2016).

Within the period studied, Brazil has changed some of itstraffic laws, including
those related to alcohol. This has beenshown to have an impact on fatalities as well as
injuries inthe same region studied here (Andreuccetti et al. 2011).Although Andreuccetti
et al. (2011) evaluated the impact ofBAC laws on overall traffic mortality, the results
presentedhere corroborate those and seem to point to a lasting reduction,specifically for
alcohol-related RTCs. A study done inthe subsequent months after implementation of
the 2008law in Brazil showed a decrease in self-reported drinkingand driving, from
2.2% to 0.9%, 2 months after implementationof the law, returning to 2.8% in May 2009
(Moura et al.2009). Subsequent studies have pointed to an apparentincrease in those

self-reported numbers, reaching 24.3% in anational survey in 2013 (Macinko et al.
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2015). Because thesestudies were done with different methodologies, direct
comparisonshould be avoided. These numbers are, however,much higher than those
reported for high-income countries(Macinko et al. 2015), probably due to stigma
associatedwith this behavior in those communities. When comparedto university
students in low- and middle-income countries,the number reported in Moura et al.
(2009) would fit intothe lower range, whereas numbers reported in Macinko et al(2015)

would set Brazil in the higher range (Peltzer andPengpid 2015).

It is important to stress that some of the differences presentedhere for the regions
could be due to public policiesand, more important, to their enforcement. This has
beenpreviously pointed out in previous studies (Andreuccettiet al. 2011, 2012; Gjerde et
al. 2014), attributing the differencesto a more permissive set of laws in Brazil,

regardingboth alcohol policies and traffic codes.

The evaluation of 5 safer road laws (speed limit, drinkdriving, motorcycle
helmet, seat belt, and child restraint)shows that though Norway has high rates of
enforcement(10 on a scale of 1-10), Brazil has a maximum of 7 on ascale of 1 to 10
(WHO 2018). According to personal communicationswith the respective police forces,
enforcementrates (calculated as the average number of breathalyzer testsper year for
every 10,000 inhabitants) was greater in Norway(1,198.6) than in Sao Paulo (137.0). In
other words, enforcementwith the use of breathalyzer is 8.7 times more common in
Norway than in Sao Paulo. That might account forsome of the differences in alcohol-

positive drivers evaluatedin the present study.

The 2 countries studied also present major differencesregarding ethnic
composition, with Brazil being historicallya more diverse and heterogeneous

community. It has beenpointed out that some policies affect different subsets of
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theBrazilian population differently, mostly according to socialstratum and, by proxy, to
ethnicity (Nazif-Mu~noz et al.2019). Scandinavian countries, on the other hand, have
ahigh organizational level of public systems and high levels oftrust in the public sector,
which might explain their greaterparticipation in key decisions and policymaking, with

betteroutcomes (Vrangbak 2018).

Alcohol control policies also differ greatly between the 2countries. Reductions
in time of travel to the nearest alcoholoutlet are closely associated with increases in
consumption,leading to the assumption that highly unregulated markets(like Brazil)
would lead to a higher prevalence of harmfulconsequences (Laranjeira 2007; Solheim

2014).

Brazil and Norway signed up for the Decade of Actionfor Road Safety,
proclaimed by the UN General Assembly inMarch 2010, aiming to reduce rates of
traffic crash deathsby half by 2020. Brazil has thus far achieved a reductionfrom 22.5
deaths due to RTCs per 100,000 inhabitants in2011 to 18.4 2016; in Sao Paulo, the
reduction was 35%,above the national average (DATASUS 2019). Norway hasbeen
able to achieve a reduction from 3.4 deaths due toRTCs per 100,000 inhabitants in 2011

to 2.0 in 2017(Statistics Norway 2019).

Recently, a 10-year plan has been established (Plano Nacional de Reducao de
Mortes e Lesdes no Transito, National Plan for the Reduction of Deaths and Injuries in
Traffic), postponing the reduction by 50% to the end 0f2028. Data for Brazil regarding
RTCs are available nationally from 1979 (17.6) on, peaking in 1986 (21.9) and again
in1996 (22.3), before starting a slight decline after the introductionof the Brazilian
traffic code in 1997, reaching 17.5in 2000, before increasing again. For Sao Paulo, the

datashows a higher rate than the national average in 1979 (25.1),peaking again in 1986
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(28.2), with a decrease after 1997 anda steady decreasing trend from 2006 on

(DATASUS 2019).

Norway, on the other hand, has had consistently lowerrates. Aiming to work
toward a future with zero fatalitiesand severe injuries, the concept of Vision Zero was
first proposedin 1999, establishing new roles and redefined responsibilitiesand
increasing the focus on improving both roadand vehicle safety. The initiative, however,
has been metwith limited success (possibly because of remarkably lowtraffic death

rates) and with criticism (Kristianssenet al. 2018).

Although the authors were cautious in evaluating thedata, the present study
suffers from some limitations: Theinability to collect the entire universe of deaths in
RTCs,because some data were not available (as discussed in theMethods section); the
comparison between a country and acity, which might not be entirely representative of
the countryto which it belongs; and the different periods analyzed.The authors,
however, feel that Sao Paulo is an adequateproxy for some of the most effective policies

in the country,due to its comparably lower rate of violence indicators.

To be able to accurately evaluate the impact of publicpolicies, as well as changes
in trends of RTCs, systematic collection of data in a registry or database is crucial.
Thedata presented here show that the proportion of alcoholpositivefatal traffic victims
has declined in both countries inthe period studied, yet still remains high in Sao Paulo.
Theprofiles of victims, however, are considerably different andmay point to a need for

more targeted actions specific tothese populations.
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