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Abstract

Introduction

Driving under the influence of alcohol is one of the main factors for morbidity and mortality
from traffic accidents. In 2010 and 2013, the Program Life in Traffic was implemented in Bra-
zil, including the international initiative “Road Safety in Ten Countries”, which established
actions to reduce one of the main risk factors for road traffic injuries, the driving under the
influence of alcohol. In 2012, a new zero-tolerance drinking and driving law (new dry law)
was implemented, establishing a zero-tolerance limit for the drivers’ blood alcohol concen-
tration, and increasing punitive measures. This study aimed at analyzing the impact of these
measures on the prevalence of driving under the influence of alcohol abuse in Brazilian
capitals.

Methods

An interrupted time series study was conducted using the models of autoregressive inte-
grated moving average or seasonal autoregressive integrated moving average. The main
outcome was the prevalence of driving after alcohol abuse in the adult population (> 18
years). The model’s predictors were the interventions “Program Life in Traffic” and “New Dry
Law”. The former was implemented in the first quarter of 2011, initially in five capitals: Belo
Horizonte, Campo Grande, Palmas, Teresina, and Curitiba, being expanded to the other
capitals in the first quarter of 2013. The latter was implemented in the country on the first
quarter of 2013. Data source for the study was the records of the surveillance system for
risk and protection factors of chronic diseases through telephone survey (Vigitel) from 2007
to 2016.
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The time intervals considered in the study were the quarters. Thirty-eight units were consid-

ered in the analysis, corresponding to time series points. It was found that after the imple-
mentation of the Program Life in Traffic, in the first quarter of 2011, there was a reduction in
the prevalence in Belo Horizonte and Curitiba. Because the introduction of the New Dry Law
and the Program Life in Traffic took place in similar periods in the other cities, there was a
significant reduction in the outcome prevalence in the cities of Aracaju, Belo Horizonte, Boa
Vista, Fortaleza, Jodo Pessoa, Maceid, Manaus, Palmas, Porto Alegre, Recife, Teresina,
Rio Branco, and Vitéria following the law application.

Conclusion

The present study identified an immediate impact of the Program Life in Traffic in two capi-
tals (Belo Horizonte and Curitiba) and a joint impact of the New Dry Law in 13 capitals. The
results of this study have implications for strengthening interventions aimed at reducing the
burden of morbidity and mortality from traffic accidents in Brazil.

Introduction

In Brazil, road traffic injuries (RTI) represent a serious public health problem. These condi-
tions are associated with high rates of morbidity and mortality, reduced life expectancy, loss of
productivity, and costs for the health system [1]. The country ranks third in the number of
deaths from RTI in the world, second only to India and the United States of America. In 2017,
the Global Burden of Disease study estimated an occurrence of 52,326 deaths, a mortality rate
of 24.8 deaths per 100,000 inhabitants, and 1,116.0 disability-adjusted life years resulting from
RTT in Brazil [2], confirming the vulnerability. In addition, estimates from the Institute of
Applied Economic Research are that RTI on roads and highways cost 50 billion of Brazilian
Real (BRL) to the public coffers in 2014, with the highest cost related to loss of productivity,
followed by hospital costs [3].

Alcohol consumption is associated with multiple social and health consequences [4]. Stud-
ies have shown that driving under the influence of alcohol corresponds to one of the main risk
factors, injuries, and mortality from RTI [4, 5]. In this context, several developed and develop-
ing countries have adopted measures to reduce this risk factor, such as the prohibition of alco-
holic beverages for adolescents, improvements in road infrastructure, and determination of
blood alcohol concentration (BAC) limits for drivers, among other policies aimed at reducing
RTI morbidity and mortality by reducing the prevalence of driving under the influence of alco-
hol [1, 6].

In January 2010, the international initiative “Road Safety in Ten Countries” (RS-10) was
implemented in 10 developing countries (Russia, China, Turkey, Egypt, Vietnam, Cambodia,
India, Kenya, Mexico, and Brazil). These countries were chosen because they account for
almost half (48.0%) of global deaths from RTI [7]. The RS-10 initiative is funded by the Bloom-
berg Foundation and the participating countries’ own resources, and is coordinated globally
by the World Health Organization and its regional agencies. The objective of RS-10 was to
support the governments of low- and middle-income countries to incorporate road safety
measures into their national policies, thus contributing to reducing the magnitude of RTI [7-
10].
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Despite the differences among the countries, RS-10 activities include the safety of drivers,
motorcyclists, cyclists, and pedestrians, through legislation change and enforcement; health
education actions in traffic; training of police and/or public health officials to implement and
monitor the impact of the initiative; improvement of databases related to RTT and its risk fac-
tors; identification of determinants for RTT and deaths; carrying out periodic inspections of
alcohol and driving and excessive and/or inappropriate speed; holding selected public events
and media strategies to disseminate the dangers of alcohol, incentives in the purchase of blood
alcohol and over speed monitoring equipment, among others. In general, the actions are
mainly focused on the factors driving at excessive/inadequate speed and under the influence of
alcohol [7-9].

In Brazil, the RS-10 initiative was called Project Life in Traffic (in Portuguese, Projeto Vida
no Transito—PLT), being coordinated by the Ministry of Health in partnership with the Pan-
American Health Organization [9, 11]. The PLT was inserted in a global context to achieve the
objective of the Decade of Road Safety 2011-2020, as established by the United Nations [2, 9,
11]. It was initially implemented in the first half of 2011, in the capital cities of Palmas, Tere-
sina, Campo Grande, Belo Horizonte and Curitiba, representing, respectively, the North,
Northeast, Central-West, Southeast, and South Brazilian macro-regions [9, 11].

In the first half of 2013, the program was expanded to all Brazilian capitals and cities with
more than one million inhabitants, except for the city of Rio de Janeiro (State of Rio de Janeiro,
Southeast Region). The PLT aims to reduce two risk factors: driving under the influence of
alcohol and at excessive and/or inappropriate speed, classified as intermediate indicators of
traffic safety [9, 11]. These factors directly influence the final indicators represented by the RTI
hospitalization and mortality rate. In Brazil, PLT follows the same activities reccommended by
RS-10, although the adhering municipalities have the autonomy to establish key actions
depending on the local reality [9, 11].

Brazil also has extensive legislation to control drinking and driving. In 1989, the country
introduced a legal BAC limit of 0.8 g/L, reducing this value to 0.6 g/l in January 1998 through
the Brazilian Traffic Code [12]. However, the inadequate application of the law in force led the
government to implement new legislation. On June 19, 2008, the federal government passed a
new legislation called Dry Law (in Portuguese, Lei Seca). This law established a zero-tolerance
blood alcohol limit for drivers [13]. The identification of BAC imposed important penalties on
the driver, such as a fine, suspension of the right to drive for 12 months, and vehicle impound-
ment [13, 14]. When a BAC greater than 0.6 g/L is identified, the law also includes imprison-
ment [13]. The legislation also prohibited the sale of alcoholic beverages on federal highways,
aiming to reduce access to alcohol. On December 20, 2012, this law was reformulated, being
entitled new zero-tolerance drinking and driving law (new dry law—NDL), with number
12.760 [15], idealized in the context of the RS-10. The new legislation enhanced punishment
for driving under the impact of any amount of alcohol, such as increasing the fine by 10 times,
in addition to maintaining the suspension of the right to drive with loss of license and vehicle
impoundment [15]. NDL actions include sobriety checkpoints and shall integrate the PLT
plan of the municipalities. In 2016, the punishment became more severe with Law no. 13.281,
which established that the refusal to carry out the breath test constitutes a very serious infrac-
tion, with an increase in the fine value, collection of the license document, vehicle impound-
ment, and the possibility of suspension of the right to drive [16].

There is a gap in the literature on the impacts of PLT and NDL on the prevalence of driving
under the influence of alcohol. International studies evaluating the PLT focused on the analysis
of final indicators, such as the mortality rate and hospitalization for RTI, or other intermediate
indicators, such as seat belt use and over speed driving [10, 17]. In Brazil, only one study was
identified that analyzed the impacts of PLT in five Brazilian cities, showing a reduction in the
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mortality rate indicators in three and in the prevalence of drivers with positive BAC in two
[11]. Previous investigations into the impact of drinking and driving restrictions conducted
have also analyzed the impact, predominantly, on RTT mortality and/or hospitalization rates
[18-22]. In Brazil, only two studies analyzed the impact of the first dry law on the prevalence
of driving under the influence of alcohol abuse [23, 24]. However, assessments were limited to
comparing prevalence before and after this legislation, without controlling for temporal trends
and potential seasonality. In this context, the purpose of the present study was to analyze the
impact of PLT and NDL on the safety indicator “driving under the influence of alcohol abuse”
in Brazilian capitals.

Materials and methods
Study design and locations

This is an interrupted time series analysis (ITS) to assess the impact of PLT and RTI on the
prevalence of driving under the influence of alcohol abuse in Brazilian capitals. The study was
developed considering as units of analysis the set of 27 Brazilian capitals, distributed in 26
units of the federation and the Federal District of the country of all five macro-regions: North,
Northeast, Central-West, South, and Southeast.

In this study, the impact of the PLT was analyzed in 25 capitals out of the 27, excluding the
city of Rio de Janeiro that did not join the program. The NDL is national and mandatory, but
the program is implemented upon adherence by the municipality. Thus, for the analysis of the
impact of the NDL, all 27 capitals were included, as shown in Table 1.

The impact of PLT and NDL were analyzed separately in the cities of Belo Horizonte,
Campo Grande, Curitiba, Palmas, and Teresina, since these cities implemented the program
two years before the application of the NDL (from the 1st quarter of 2011). For the other capi-
tals, the impact of the PLT and NDL were analyzed together since the program and the law
were implemented in similar periods of time (starting on the 1st semester of 2013). It should
be noted that the main component of the NDL are the inspections at sobriety checkpoints,
which are also included within the PLT actions in the municipalities, with a residual effect in
both interventions. Finally, for Rio de Janeiro, only the impact of NDL was evaluated
(Table 1).

Data source

In this study, data from the Surveillance System of Risk and Protection Factors for Chronic
Diseases through Telephone Survey (Vigitel) from 2007 to 2016 were used [25-27].

Table 1. Periods of implementation of the program life in traffic and the new dry law in Brazilian capitals.

Capitals Start of PLT Start of NDL
actions application
Belo Horizonte, Campo Grande, Curitiba, Teresina, and Palmas Ist quarter of 2011 | 1st quarter of 2013
(2011q1) (2013q1)
Sdo Paulo, Vitoria, Porto Alegre, Florianépolis, Cuiaba, Goiania, Ist quarter of 2013 | 1st quarter of 2013
Brasilia, Macapa, Belém, Manaus, Rio Branco, Porto Velho, Boa Vista, (2013q1) (2013q1)

Palmas, Maceio, Salvador, Ceara, Sido Luis, Jodo Pessoa, Recife,
Teresina, Sergipe, and Natal

Rio de Janeiro 1st quarter of 2013

(2013q1)

Abbreviations: NDL = New Dry Law; PLT = Project Life in Traffic; q = quarter.

*PLT was not implemented in this capital.

https://doi.org/10.1371/journal.pone.0288288.t001
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Vigitel was implemented in 2006 to monitor the main risk and protection factors for non-
communicable diseases and conditions, through telephone interviews. This is a home study
conducted in 26 Brazilian capitals and in the federal capital Brasilia. This survey is one of the
components of the Surveillance System for Risk Factors for Chronic Noncommunicable Dis-
eases of the Brazilian Ministry of Health [25, 26]. This investigation used only data on the prev-
alence of driving under the influence of abusive use of alcohol from 2007 on, the year when the
indicator started to be monitored by Vigitel [23].

Briefly, Vigitel is a cross-sectional study that aims to obtain, in each of the capitals, probabi-
listic samples of adults (> 18 years old) residing in households that have at least one landline.
The telephone numbers used for sampling are provided free of charge by the main telephone
companies in the country [25, 26]. The sample size is approximately 2,000 adults for each capi-
tal, to estimate a confidence interval of 95% (95%CI) and a maximum error of two percentage
points for the prevalence of the main risk factors for chronic non-communicable diseases [26].

Initially, 5,000 landlines are drawn for each city. This procedure is systematic and stratified
by postal code. These samples are then re-divided into 25 replicates with a size of 200 landlines
in each replicate, using the same drawing process as the initial sample [25, 26].

In the second stage, one of the adult residents of the households selected from the selected
landlines eligible for the study is drawn. Eligible lines are those active residential lines in each
city. Lines belonging to companies, lines that no longer exist or are out of service, and lines
that have not responded to six attempts of calls made on alternative days and times, including
Saturdays, Sundays and at night, are considered ineligible [25, 26]. Finally, the selected resident
is interviewed by trained professionals about sociodemographic data and main risk or protec-
tive factors for chronic non-communicable diseases. It should be noted that in Vigitel, in most
years, the sample of each city is divided by month, allowing the estimation of indicators on a
monthly or quarterly basis. Due to the small sample size in each month, in the present study
the variable of interest in the quarter of each year was analyzed.

Variables

The dependent variable “driving under the influence of alcohol abuse” was analyzed, calcu-
lated for each quarter. The numerator of this indicator consisted of all adults who reported
driving a motor vehicle after alcohol abuse and who responded positively to the questions:
"In the last 30 days, have you drunk four or more doses of alcoholic beverage on a single occa-
sion?” for women and “On this day (or any of these days), did you drive right after drinking?
(women) or "In the last 30 days, have you drunk five or more doses of alcoholic beverage on a
single occasion? and "On this day (or any of these days), did you drive right after drinking?
(men). In Vigitel, a dose of alcoholic beverage is a dose of distilled beverage, a can of beer,
or a glass of wine [23]. The denominator consisted of the total number of adults interviewed
in each quarter [28]. Prevalence was calculated by dividing the numerator by the denomina-
tor, multiplying by 100.

Also, two dummy binary variables were constructed and used as independent variables to
represent the interventions analyzed in different cities, as can be seen in Table 2.

This approach, using two dummy variables, allowed the analysis of the impacts of the PLT
and NDL on the outcome in the five capitals that implemented the PLT in 2011: Belo Hori-
zonte, Campo Grande, Curitiba, Palmas, and Teresina (Table 2).

A third binary dummy variable was used to analyze the impact of interventions in other cit-
ies. This approach allowed the analysis of the impact of the PLT together with the NDL, which
was necessary since both interventions were implemented in the other capitals in similar peri-
ods of time (2013q1) (Table 2).
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Table 2. Periods of implementation of the program life in traffic and the new dry law in Brazilian capitals.

Dummy Pre-intervention period Post-intervention period
variables

Belo Horizonte, Campo Grande, Curitiba, Palmas, and Teresina

PLT 0-3rd quarter of 2007 (2007q3) to 4th quarter of | I- 1st quarter of 2011 (2011q1) to 4th quarter of
2010 (2010q4) 2016 (2016q4)

NDL 0-3rd quarter of 2007 (2007q3) to 4th quarter of | I-1st quarter of 2011 (2011q1) to 4th quarter of
2010 (2010q4) 2016 (2016q4)

Sdo Paulo, Vitdria, Porto Alegre, Florianopolis, Cuiaba, Goiania, Brasilia, Macapa, Belém, Manaus, Rio Branco,
Porto Velho, Boa Vista, Palmas, Maceio, Salvador, Ceara, Sdo Luis, Jodo Pessoa, Recife, Teresina, Sergipe, and Natal

PLT 0-3rd quarter of 2007 (2007q3) to 4th quarter of | 0-1st quarter of 2013 (2013q1) to 4th quarter of
2012 (2012q4) 2016 (2016q4)

Rio de Janeiro

NDL * Ist quarter of 2013 (2013q1) to 4th quarter of
2016 (2016q4)

Abbreviations: NDL = New Dry Law; PLT = Project Life in Traffic; q = quarter.

*PLT was not implemented in this capital.

https://doi.org/10.1371/journal.pone.0288288.t1002

Statistical analysis

Assessments of the intervention impacts were conducted for each capital under study. The
analyses were performed in the following steps: (i) descriptive statistics; (ii) model identifica-
tion; (iii) estimation of model parameters and (iv) model verification. The analyses were con-
ducted based on the adaptation of Box & Jenkins methodology [29].

Initially, descriptive statistics of the time series were performed. The time intervals consid-
ered in the study were the quarters. Each series analyzed had three missing values (2008q1,
2012q2 and 2015q1). Thus, the missing values were imputed by the average of the respective
series [30], resulting in a total of 38 points analyzed. The descriptive analysis included the con
struction of scatter plots of outcome prevalence and descriptive statistics (mean, 95% CI of
mean, standard deviation [SD], variance, median, minimum and maximum) [31, 32].

An ITS analysis was used in this study, using Autoregressive Integrated Moving Average
(ARIMA) or Seasonal Autoregressive Integrated Moving Average (SARIMA) models. The
ARIMA model (p,d,q) corresponds to an extension of an autoregressive model (AR), moving
average model (MA), and Autoregressive Moving Average (ARMA) model [29, 33]. The
parameters of the ARIMA model are: p = autoregression order; d = order of differing; and g =
order of the moving average.

The ARIMA model is used when the time series does not show seasonality. In case of sea-
sonality or seasonal patterns, the use of the model SARIMA is required, which has the follow-
ing structure: SARIMA (p,d,q) (P,D,Q) [S] [29, 33]. This model parameters are: p =
autoregression order; d = degree of difference; g = moving average order; P = seasonal autore-
gression; D = seasonal integration, Q = seasonal moving average, and S = duration of the sea-
sonal period.

Modeling was developed in three stages: (i) identification, (ii) estimation, and (iii)
verification.

The identification stage consisted of selecting the seasonal (p,q,d) and/or non-seasonal (P,
Q, D) orders models. Initially, time series were decomposed into their classical components:
trend-cycle, seasonality, and irregularity [34]. The decomposition procedure allowed a better
understanding of the series behavior and patterns, helping in the following stages of the
modeling [34]. Then, the test of Mann-Kendall (MK) was performed to detect the presence of
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a deterministic trend in the time series [35], which has greater statistical power when com-
pared to other tests for trend, such as Cox-Stuart [36] test. In case of presence of trend, one or
more orders d were applied in the models to eliminate the trend and achieve stationarity
around the mean. Moreover, the test of Dickey-Fuller (ADF) was used as an additional test to
verify the presence of time series stationarity [37]. The presence of seasonality patterns was ini-
tially analyzed by visual inspection of the data and the decomposed series [38]. Furthermore,
tests of Kruskal-Wallis and one-way ANOV A were used to test for the presence of stable sea-
sonality and the two-way ANOVA (F test) for detecting moving seasonality after trend
removal if present. In case of seasonality, the series seasonal adjustment was performed [34].

Following trend removal and/or seasonal adjustment, the autocorrelation (ACF) and partial
autocorrelation (PACF) functions graphs were analyzed for the detection of the models’ p and
q orders [29]. Finally, the seasonal component was included using SARIMA models in case the
previous analysis indicated evidence of seasonality [39].

To find the best model, multiple modelings were performed with the respective diagnostic
validation [39]. The quality of the models was analyzed through the Akaike information crite-
rion (AIC) [40] as well as the verification of Mean Error (ME); root mean squared error
(RMSE); mean absolute error (MAE); mean percentage error (MPE); Mean absolute percent-
age error (MAPE); Mean absolute scaled error (MASE). Finally, analysis of the model’s residu-
als was carried out through the ACF graphics of the residuals and the Ljung-Box test with a lag
of 10 to verify the absence or presence of residual autocorrelation. The tests of Kolmogorov-
Smirnov (KS), Anderson-Darling (AD), and Shapiro-Wilk (SW) were used to verify the mod-
els’ residuals normality [41, 42]. In case of significant autocorrelation in the models and/or
absence of residuals normality, the initial step was resumed for a new modeling to be carried
out. The model selected was the one presenting the lowest AIC and BIC (N’Gattia et al., 2016),
provided that the inclusion of trend and seasonality terms was respected if their presence was
detected and/or did not present autocorrelation or deviations from residuals normality.

In all tests and analyses, p-values < 0.05 were considered statistically significant.

Data were analyzed using the statistical software STATA, version 16.0, and the R software
was used for time series modeling.

Ethical aspects

The Vigitel study was approved by the National Human Research Ethics Committee (CONEP)
of the Brazilian Ministry of Health in all years of the study. The survey did not require written
consent from the participant, and verbal consent was used. Verbal consent was obtained from
all participants. This specific study used the anonymized Vigitel’s database.

Results
Descriptive analysis

Table 3 presents the descriptive analysis of the time series. The five highest mean prevalences
were observed in the following capitals: Palmas (State of Tocantins/3.19%), Teresina (State of
Piaui/3.10%), Boa Vista (State of Roraima/2.67%), Cuiaba (State of Mato Grosso/2.65%), and
Goiénia (State of Goias/2.50%). On the other hand, the lowest mean frequencies were found in
Sao Paulo (State of Sdo Paulo/1.00%), Rio de Janeiro (State of Rio de Janeiro/1.08%), Vitoria
(State of Espirito Santo/1.18%), Manaus (State of Amazonas/1.20%), Belém (State of Para/
1.21%), and Salvador (State of Bahia/1.21%).

Figs 1-5 show the descriptive analysis of outcome prevalence in the first five capitals of the
PLT implementation in the first quarter of 2011 (2011q1), followed by the application of the
NDL in the first quarter of 2013 (2013q1).
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Table 3. Descriptive analysis of the prevalence of driving after alcohol abuse in Brazilian capitals, VIGITEL Study, 2007q3 to 2016q4.

City Mean 95.0% CI SD Variance Median Min-Max
Aracaju 2.28 1.98-2.78 1.17 1.36 241 0.1-4.8
Belém 1.21 0.99-1.43 0.65 0.43 1.24 0.0-2.7
Belo Horizonte 1.64 1.32-1.97 0.93 0.88 1.53 0.0-3.9
Boa Vista 2.67 2.30-3.05 1.08 1.18 2.58 0.6-5.5
Brasilia 2.28 1.89-2.69 1.16 1.34 2.04 0.7-5.9
Campo Grande 2.08 1.76-3.40 0.93 2.01 2.01 0.2-3.8
Cuiabd 2.65 2.30-2.98 0.98 0.96 2.65 0.0-4.3
Curitiba 1.43 1.19-1.69 0.71 0.51 1.33 0.2-3.1
Floriandpolis 2.37 1.97-2.77 1.16 1.34 2.26 0.7-6.0
Fortaleza 1.67 1.33-2.00 0.97 0.94 1.64 0.2-3.8
Goiénia 2.50 2.07-2.94 1.27 1.60 2.44 0.0-6.8
Jodo Pessoa 1.71 1.31-2.10 1.16 1.33 1.33 0.0-3.8
Macapa 2.03 1.54-2.52 1.43 2.04 1.75 0.1-7.1
Maceid 1.26 0.94-1.58 0.92 0.85 1.08 0.0-3.3
Manaus 1.20 0.94-1.46 0.76 0.57 1.13 0.0-3.6
Natal 1.71 1.37-2.06 0.99 0.99 0.99 0.0-4.7
Palmas 3.19 2.82-3.56 1.07 1.14 3.25 1.1-5.1
Porto Alegre 1.26 0.76-1.75 1.43 2.07 0.87 0.1-8.1
Porto Velho 2.07 1.79-2.36 0.82 0.68 2.24 0.4-3.7
Recife 1.26 0.97-1.56 0.86 0.73 1.23 0.0-2.8
Rio Branco 1.92 1.36-2.49 1.64 2.71 1.66 0.0-9.3
Rio de Janeiro 1.08 0.82-1.33 0.74 0.55 0.94 0.0-3.2
Salvador 1.21 0.95-1.48 0.78 0.60 0.88 0.0-3.5
Séo Luis 2.19 1.84-2.55 1.04 1.08 2.09 0.7-5.5
Sdo Paulo 1.00 0.81-1.20 0.57 0.33 1.04 0.1-2.2
Teresina 3.10 2.60-3.61 1.47 2.17 2.79 0.8-8.4
Vitoria 1.18 0.91-1.44 0.78 1.03 1.03 0.0-3.1

Abbreviations: 95.0% CI: 95.0% Confidence Interval; SD: Standard deviation; Min: Minimum; Max: Maximum.

https://doi.org/10.1371/journal.pone.0288288.t003

The descriptive analysis of the quarterly prevalence of driving under the influence of alco-
hol abuse in the capitals with the implementation of the PLT together with the beginning of
the application of the NDL in the first quarter of 2013 (2013q1) is presented in S1 File.

Impact of interventions

Before conducting the analyses, the presence of outliers was observed and, in case of their pres-
ence, the automatic replacement for the respective mean in the R software was performed. 52
File shows the decomposition analysis of the time series; S3 File presents the ACF and PACF
in the model identification stage and S1 Table shows the analysis of the trend, stationarity, and
seasonality tests. These analyses were carried out to identify the orders of the time series
models.

Table 4 shows the impact of PLT and NDL on the prevalence of drink-driving in the first
five capitals that implemented the PLT, still in the first quarter of 2011. The results showed
that the prevalence significantly reduced, on average, 0.740% and 0.217% after the implemen-
tation of the PLT in Belo Horizonte (f: -0.740; p-value< 0.001). In Curitiba, this reduction
was, on average, 0.217% (B: -0.217; p-value< 0.001). No significant impact was observed on
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Fig 1. Descriptive analysis of the quarterly prevalence of driving under the influence of alcohol abuse after the implementation of the PLT and NDL in
Belo Horizonte, 2007-2016. Abbreviations: NDL = New Dry Law; PLT = Project Life in Traffic.

https://doi.org/10.1371/journal.pone.0288288.9001

this outcome soon after the implementation of the PLT in Palmas (B: -0.07; p-value = 0.856),
Campo Grande (B: -0.014; p-value = 0.975), and Teresina (B: 0.571; p-value = 0.166). There-
fore, the impact of PVT was observed in Belo Horizonte and Curitiba.

After the implementation of the NDL, there was a significant reduction in the prevalence of
the outcome in Belo Horizonte by 0.649% (B: -0.649; p-value<0.001), in Palmas by 1.04% (B:
-1.040; p-value<0.007), in Teresina by 1.377% (B: -1.377; p-value<0.001), and without signifi-
cant impact in Campo Grande (f: -0.494; p-value = 0.275) and Curitiba (B: -0.110; p-
value = 203). Therefore, the impact of the NDL was observed in Belo Horizonte, Palmas, and
Teresina (Table 4).

Table 5 shows the results of the PLT/NDL impact models on the quarterly prevalence of
driving under the influence of alcohol abuse in other Brazilian capitals. A significant reduction
was observed in the following capitals: Aracaju, Boa Vista, Fortaleza, Jodo Pessoa, Maceio,
Manaus, Porto Alegre, Recife, Rio Branco, and Vitdria (p-value< 0.05). For instance, the inter-
pretation of regression coefficients showed that the prevalence of driving under the influence
of alcohol abuse reduced, on average, 1.883% every quarter in Rio Branco (B: -1.883; p-
value<0.001) and 0.223% in Boa Vista (B: -0.223; p-value = 0.024).
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Fig 2. Descriptive analysis of the quarterly prevalence of driving under the influence of alcohol abuse after the implementation of the PLT and NDL in
Campo Grande, 2007-2016. Abbreviations: NDL = New Dry Law; PLT = Project Life in Traffic.

https://doi.org/10.1371/journal.pone.0288288.9002

S2 Table shows the parameters for evaluating the quality of the models. S3 Table presents
the diagnostic tests for the estimated final models’ residuals. All models showed no significant
autocorrelations (p-value in the Ljung-Box test>>0.05) and residuals normality verified in at
least one normality test (S4 File).

Discussion

To our knowledge, this investigation represents the first study to assess the impact of traffic
safety intervention programs on this indicator in Brazil, using ITS models. The results of this
study showed a significant immediate reduction in the prevalence of driving under alcohol
abuse after the implementation of PLT in Belo Horizonte (-52.29% every quarter) and Curitiba
(19.51% every semester). Since the introduction of the PLT and NDL in similar periods in the
other cities (2013q1), there was a significant reduction in the prevalence of the outcome in the
cities of Aracaju, Belo Horizonte, Boa Vista, Fortaleza, Jodo Pessoa, Maceid, Manaus, Palmas,
Porto Alegre, Recife, Teresina, Rio Branco, and Vitdria after law application.

The development and effective implementation of national programs allow raising aware-
ness in the field of road safety in the countries. The programs prioritized should be those with
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Fig 3. Descriptive analysis of the quarterly prevalence of driving under the influence of alcohol abuse after the implementation of the PLT and NDL in
Curitiba, 2007-2016. Abbreviations: NDL = New Dry Law; PLT = Project Life in Traffic.

https://doi.org/10.1371/journal.pone.0288288.g003

effective interventions for preventing deaths and RTT or reducing risk factors and, in addition,
presenting the best cost-benefits [43, 44]. The main road safety problems faced by countries
correspond to the drivers’ risky behaviors, especially for not using seat belts, driving at exces-
sive and/or inappropriate speeds, and driving under the influence of alcohol and/or illicit
drugs [43, 45, 46]. Key interventions to address these problems reported in the literature
include health education, publicity, massive enforcement of legislation, and periodic inspec-
tion [43, 47].

In Brazil, prevention actions predominantly include the application of zero-tolerance laws
for alcohol consumption and increased law austerities. There is little evidence on the impacts
of PLT on road safety indicators. A single study evaluated the PLT in five Brazilian capitals
and found that there was a significant reduction in the mortality rate from TA in Belo Hori-
zonte, Palmas, and Teresina, stability in Curitiba, and a small increase in Campo Grande after
the program implementation [11]. In addition, there was a reduction in the prevalence of driv-
ers with positive BAC at sobriety checkpoints in Palmas and Belo Horizonte after the program
was implemented, but a percentage increase in Teresina [11]. The present study adds evidence
to the literature of the isolated impact of the PLT in two Brazilian capitals, and the potential
impact together with the application of NDL in several capitals.
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Fig 4. Descriptive analysis of the quarterly prevalence of driving under the influence of alcohol abuse after the implementation of the PLT and NDL in
Palmas, 2007-2016. Abbreviations: NDL = New Dry Law; PLT = Project Life in Traffic.

https://doi.org/10.1371/journal.pone.0288288.9004

This investigation showed a reduction in the outcome after application of NDL as for the
first quarter of 2013. Studies analyzing the impacts of laws to reduce or limit blood alcohol
concentration in other countries are limited to the assessment of the occurrence of accidents,
injuries, and deaths, not analyzing intermediate indicators such as the prevalence of driving
after alcohol consumption. For example, in Japan, the reduction of BAC from 0.05 mg/mL to
0.03 mg/mL and increase in penalties in 2002 led to the reduction of all final safety indicators,
such as serious injuries and deaths in the traffic, serious injuries and deaths caused by alcohol
use, and alcohol-related death rate [18]. In the United States of America, the zero-tolerance
law for alcohol in young people under 21 years of age has been associated with a significant
reduction in fatal driving-related crashes after drinking alcohol [48]. In Chile, the reduction of
the legal limit of drivers” blood alcohol content from 0.05 to 0.03 g/dL showed a significant
reduction of 32% of alcohol-related car accidents and 31% of RTI [20]. A study in Taiwan
found that the prevalence of drinking and driving significantly decreased from 10.99% to
6.64% after BAC limit lowering in 2013 [49].

In Brazil, previous studies predominantly analyzed the impact of the first phase of Prohibi-
tion in July 2008. An ITS analysis in the cities of Belo Horizonte, Rio de Janeiro, and Sao Paulo
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Fig 5. Descriptive analysis of the quarterly prevalence of driving under the influence of alcohol abuse after the implementation of the PLT and NDL in
Teresina, 2007-2016. Abbreviations: NDL = New Dry Law; PLT = Project Life in Traffic.

https://doi.org/10.1371/journal.pone.0288288.9005

(Southeast Region of Brazil) found no significant reduction in the RTI mortality rate after the
implementation of the first dry law [19]. In Sdo Paulo, a study that analyzed the impact of the
first prohibition using ARIMA modeling showed that this legislation was responsible for a sig-
nificant reduction in the traffic accident and mortality rates. The new legislation reduced the
average monthly mortality rate in the state by 7.2% and traffic injury rates by 1.8% [50]. In
Belo Horizonte (Southeast Region), an ex-ante and ex-post investigation using data from
cross-sectional studies of the methodology sobriety checkpoints found a 50% reduction in the
prevalence of drinking and driving among drivers after the first dry law [51]. In Sdo Paulo
(Southeast Region), Campos et al. [52] found a 45% reduction in the prevalence of drivers with
a positive breath test after the implementation of the first new dry law through the sobriety
checkpoints methodology. Moura et al. [24], using data from Vigitel from 2007 to 2009, found
that the frequency of driving after alcohol abuse dropped immediately after the first two
months of the application of the first dry law (July and August), increasing again in September
and October, reaching its peak levels in May 2009. These data suggest that Prohibition was not
very effective in its first phase. Malta et al. [23], analyzing Vigitel data from 2007 to 2013,
found that the prevalence of driving after alcohol abuse reduced immediately in the first year

PLOS ONE | https://doi.org/10.1371/journal.pone.0288288 October 20, 2023 13/19


https://doi.org/10.1371/journal.pone.0288288.g005
https://doi.org/10.1371/journal.pone.0288288

PLOS ONE

Impact of the program life in traffic and new zero-tolerance drinking and driving law

Table 4. Effect of PLT and NDL on driving prevalence after alcohol abuse, Vigitel Study, 2007q3 to 2016q4*.

City

Belo Horizonte

Campo Grande

Curitiba

Palmas

Teresina

Interventions

PLT

NDL

PLT
NDL

PLT
NDL

PLT
NDL

PLT
NDL

Model Intervention effect
[ 95.0% CI SE p-value
ARIMA (4,1,2)
-0.740 -0.892; -0.589 0.077 < 0.001
-0.649 -0.789; -0.510 0.071 < 0.001
ARIMA (0,0,2)
-0.014 -0.918; 0.889 0.460 0.975
-0.494 -1.381; 0.393 0.453 0.275
ARIMA (1,0,1)
-0.217 -0.395; -0.039 0,090 0,017
-0.110 -0.280; 0,059 0,086 0.203
ARIMA (1,1,1) -0.07 -0.80; 0.67 0.37 0.856
-1.04 -1.76; -0.32 0.37 0.007
ARIMA (1,1,1)
0.571 -0.238; 1.381 0.413 0.166
-1.377 -2.170; -0.584 0.405 0.007

Abbreviations: PLT: Program Life in Traffic; NDL: New Dry Law; 95% CI: Confidence Interval of 95%; SE: Standard Error; Time series analysis based on ARIMA

models (p,d,q).

*Considering only the capitals with the beginning of the PLT in 2011q1.

https://doi.org/10.1371/journal.pone.0288288.t004

of application of first dry law in 2008 (Annual Percentage Change [APC]: -0.5%) and first year
of application of the NDL in 2013 (APC: -0.5%). Measuring the impact of the BAC limits legis-
lation allows observing the effectiveness/enforcement of the law, being essential for reducing
the burden of injuries and deaths in traffic [51].

Although there was a reduction in the indicator in some capitals, there was no significant
impact in many others. Even though the strategies and actions are well known, the legislation
may not have been implemented as vigorously as is desirable in these capitals [53], contribut-
ing to this result. Therefore, the enhancement of inspection and enforcement of the law in all
capitals is required, especially in those without evidence of policy impact.

This study has some limitations. Vigitel’s samples are exclusively sourced from the register
of landlines in each capital [26]. Thus, the generalization of the results is limited, since the
study only applies to the adult population residing in households covered by the landlines ser-
vice [26]. The telephone network is not universal and may have low coverage in less developed
cities and within families with lower economic status (BRAZIL, 2017), which may have under-
estimated the outcome prevalence being studied.

This investigation analyzed the impact of interventions only on the indicator “driving
under the influence of alcohol abuse”. Although the increase in blood alcohol concentration
increases the risk of RTI, the impact on the prevalence of driving after consumption of any
amount of alcohol has not been analyzed [54], which also has significant impact on RTI mor-
bidity and mortality. The indicator of the driving under the influence of any amount of alcohol
was only collected by Vigitel as for 2011 [23]. Thus, there are not enough historical series
points before the interventions to allow the monitoring and impact of the PLT and NDL on
this indicator [23]. Other studies on the impacts of the programs should carry out the analysis
of this indicator.

The outcome data analyzed were self-reported, a characteristic inherent to telephone sur-
veys [55], being susceptible to memory and response bias. Memory biases, and especially
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Table 5. Effect of PLT and NDL on driving prevalence after alcohol abuse, Vigitel Study, 2007q3 to 2016q4*.

City

Aracaju
Belém

Boa Vista
Cuiaba
Floriandpolis
Fortaleza
Goiénia
Jodo Pessoa
Macapa
Maceid
Manaus
Natal

Porto Alegre
Porto Velho
Recife

Rio Branco
Rio de Janeiro
Salvador
Sao Luis

Sao Paulo
Vitéria

Brasilia

Model

(0,1,1)
(1,0,1)
1,0,1)
1,0,1)
1,0,1)
0,1,1)
(0,0,0) (1,0,2) [4]
(4,1,2)
1,1,0)
3,1,3)
(2,1,2) (1,0,0) [4]
(3,1,1)
(1,0,3)
(1,1,1) (0,1,1) [4]
(0,1,1)
(0,1,3) (3,1,1) [4]
(3,1,0)
(0,1,4)
(3,0,0)
(2,0,0) (1,0,0) [4]
0,1,1)
0,0,0)

(
(
(
(

(
(

(
(

Interventions Intervention effect
[ IC95% SE p-value
PLT/NDL -1.179 -1.791; -0.566 0.312 0.001
PLT/NDL -0.104 -0.254; 0,047 0.076 0.176
PLT/NDL -0.223 -0.418; -0.030 0.098 0.024
PLT/NDL -0.261 -0.680; 0.158 0.214 0.222
PLT/NDL -0.434 -1.125; 0.256 0.353 0.218
PLT/NDL -0.768 -1.312;-0.224 0.278 0.006
PLT/NDL -0.271 -0.770; 0.227 0.254 0.286
PLT/NDL -1.343 -1.596; -1.090 0.129 < 0.001
PLT/NDL -1.490 -3.297;0.316 0.922 0.106
PLT/NDL -0.421 -0.799; -0.027 0.197 0.036
PLT/NDL -0.503 -0.832;-0.174 0.168 0.003
PLT/NDL 1.029 -0.274; 2.334 0.665 0.121
PLT/NDL -0.282 -0.492; -0.072 0.107 0.008
PLT/NDL 0.435 -1.427; 0.556 0.506 0.389
PLT/NDL -1.035 -1.445; -0.626 0.209 < 0.001
PLT/NDL -1.883 -2.816; -0.950 0.476 < 0.001
NDL -0.284 -1.829 1.259 0.788 0.718
PLT/NDL -0.114 -0.631; 0.401 0.263 0.663
PLT/NDL -0.023 -0.483; 0.435 0.234 0.919
PLT/NDL -0.403 -1.161; 0.355 0.389 0.297
PLT/NDL -1.117 -1.647; -0.587 0.270 < 0.001
PLT/NDL 0.002 -0.597; 0.601 0.305 0.995

Abbreviations: PLT: Program Life in Traffic; NDL: New Dry Law; 95% CI: Confidence Interval of 95%; SE: Standard Error; Time series analysis based on ARIMA
models (p,d,q) or SARIMA (P, Q, D) [S].
*Considering only the capitals with the beginning of the PLT in 2013q1.

https://doi.org/10.1371/journal.pone.0288288.t005

response biases, can lead to underestimation of prevalence indicators, study outcomes. Thus,
we do not rule out possible distortions in associations due to underreporting caused by mem-
ory and response bias of the dependent variable. Analyses of interventions in a stratified man-
ner, in groups, according to sex or age group, could not be carried out since the outcome
prevalence was too low for sensitivity analyses to be performed. Also, the present evaluation
did not present a control group for the PLT (which did not undergo any intervention), since
the Vigitel study is implemented exclusively in capital cities [26].

The number of time series points was 38, including three points with imputed data. Some
studies suggest the need for at least 50 points for ITS analysis. Despite the limitations, this
study represents the first one on the impact of PLT and NDL on the intermediate indicator of
driving after alcohol abuse in Brazil, data that can support the strengthening of PLT legislation
and activities.

Conclusion

The present study identified an immediate impact of the PLT in two capitals (Belo Horizonte
and Curitiba) and a joint impact of the NDL in 13 capitals. The results have implications for
strengthening interventions and policies aimed at reducing the burden of morbidity and mor-
tality from RTI in Brazil. The capitals, especially those with no significant impact, must inten-
sify PLT actions.
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Based on the results of this study, the systematic intensification of PLT actions, such as
health education actions for drivers and society in general, inspection at sobriety checkpoints,
media campaigns on the risks of drinking and driving, and implementation of data collection
and periodic assessments of drinking and driving indicators in the capitals, is recommended.
The increase in inspection and application of the NDL with periodic sobriety checkpoints is
also recommended, especially in places with a high concentration of bars and nightclubs.
Finally, other cross-sectional interventions, such as restriction of beverage sales hours, control
of alcoholic beverage advertising, and prohibition of sales to minors, among others, can have
an impact on reducing the prevalence of driving under the influence of alcohol and, conse-
quently, on decreasing the RTT mortality rate.

Future investigations shall carry out quantitative and qualitative assessments of the PLT,
including data on the degree of implementation of the program, details of the actions and the
integrated plan and indicators, such as the number of sobriety checkpoints carried out. This
information can support the understanding of the etiology of the program’s impacts on inter-
mediate indicators, such as driving after alcohol consumption. The application of the NDL
shall also be analyzed, including a systematic evaluation of indicators of the number of sobriety
checkpoints and the number of drivers with a positive breath test. These indicators can support
the in-depth assessment of laws in capital cities and explain the differences in their impacts
across cities and regions in Brazil.
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