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RESEARCH ARTICLE
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Abstract
This study uses data from a nationally representative household survey (the 2013 National

Health Survey, n = 62,986) to describe patterns of alcohol consumption and related

behaviors among Brazilian adults. Analyses include descriptive and multivariable Poisson

regression for self-reports in the past 30 days of: drinking any alcohol, binge drinking, binge

drinking 4 or more times, and driving after drinking (DD); as well as age of alcohol consump-

tion initiation. Results show that current drinking prevalence was 26%, with an average age

of initiation of 18.7 years. Binge drinking was reported by 51% of drinkers, 43% of whom

reported binge drinking 4 or more times. Drinking and driving was reported by nearly one

quarter of those who drive a car/motorcycle. Current drinking was more likely among males,

ages 25–34, single, urban, and those with more education. Binge drinking was more likely

among males, older age groups, and people who started drinking before 18. Drinking and

driving was higher among males, those with more education, and rural residents. Those

who binge-drink were nearly 70%more likely to report DD. All behaviors varied significantly

among Brazilian states. Given their potential health consequences, the levels of injurious

alcohol behaviors observed here warrant increased attention from Brazilian policymakers

and civil society.

Introduction
Alcohol consumption is associated with increased risks for a number of chronic and acute con-
ditions as well as traffic- and violence-related injuries and deaths [1–3] While alcohol con-
sumption is common in most of the world, there are considerable differences in the proportion
and characteristics of the population that consumes alcohol, the quantity and frequency by
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which they consume it, and the extent to which alcohol’s potential harms may be reduced by
the existence and implementation of a range of evidence-based and cost-effective programs
and policies [4,5].

Brazil has the world’s fifth largest population and has experienced considerable economic
growth over the past decade. As a rapidly ageing middle-income country, it faces the double
burden of high rates of infectious diseases alongside climbing rates of non-communicable con-
ditions and injuries[6]. Of the 16 countries included in a study of deaths directly attributable to
alcohol, Brazil had an age-adjusted mortality rate of about 12.2/100,000, similar to that of Chile
(11.6/100,000), below that observed for Mexico (17/100,000) and well above that observed in
neighboring Argentina (4/100,000)[7]. Recent estimates suggest that Brazil ranks fifth in the
world in traffic-related fatalities, resulting in about 40,000 deaths and 150,000 seriously injured
victims annually with associated costs of nearly R$28 billion (about US$14 billion) per year
[8,9]. While traffic-related mortality rates have been relatively stable since 2000, there have
been recent increases, particularly in the share of deaths among motorcycle operators [10,11].

Given the high rates of traffic-related fatalities in Brazil, alcohol involvement in motor vehi-
cle crashes bears investigating, especially in light of the country’s “dry law” (lei seca in Portu-
guese) establishing a 0.02% blood alcohol content (BAC) legal limit—equivalent to about 1
beer—for all drivers and imposing considerable penalties for BAC levels of 0.06 or above[12].
Data from the first Brazilian Household Survey of Patterns of Alcohol Use conducted in 2005/
6 showed a 34.7% prevalence of self-reported drinking and driving [13]. Another study in the
southern Brazilian city of Porto Alegre found that 29.6% of men and 26% of women admitted
to emergency rooms for traffic accidents had consumed alcohol before the crash[14]. In con-
trast, very few respondents in wealthy OECD countries report having driven after consuming
alcohol. While about one-fourth of all motor vehicle crash fatalities in Europe and nearly one-
third each year in the US involved alcohol, the low self-report of drinking and driving may
indicate how stigmatized the behavior has become in these countries [15,16].

Other patterns of alcohol use can be similarly dangerous and vary substantially among and
within countries, and by socioeconomic status (SES). Behaviors such as heavy episodic (binge)
drinking (drinking that brings blood alcohol concentration levels to 0.08 g/dL—usually mea-
sured as 4 drinks for women and 5 drinks for men in one setting) are strong predictors of alco-
hol-related mortality, morbidity, and problematic behaviors [17]. Within wealthy OECD
countries individuals at higher levels of SES are more likely to consume alcohol, but to do so
with greater moderation [18,19]. In contrast, those in lower socioeconomic positions in these
countries may be more likely to be abstainers, but if they do drink, they tend to do so in more
harmful ways. Previous work suggests this same relationship is not consistent in middle-
income countries, including Brazil [20].

Demographic characteristics, such as sex and age, are also associated with drinking behav-
iors, and these relationships also vary among countries. In most studies, men are more likely to
be drinkers and to exhibit problem drinking than women, although as countries move closer to
gender equality, women begin to exhibit drinking patterns closer to those of men [21]. Younger
adults are also more likely to engage in dangerous patterns of alcohol consumption and other
harmful behaviors, at least in the US and some other high income countries [22]. However, in
Brazil, previous studies have shown that being 30 years or younger is inversely associated with
drinking and driving [13, 23, 24]. Finally, there is some evidence that drinking behaviors and
their health effects may differ among racial and ethnic groups, particularly in the US, and that
such differences may be related to variation in access to healthcare, differential enforcement of
alcohol and impaired driving regulations, and neighborhood characteristics including the con-
centration of alcohol vendors within minority neighborhoods [25–28]. The relationship
between race/ethnicity and alcohol has not been well explored in many other national contexts.

Alcohol Consumption and Related Behaviors in Brazil
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Given the complexity of the changing social, economic, and demographic situation in Brazil,
this study explores drinking patterns using the most recent nationally representative household
survey. The purpose is to describe current drinking patterns within the Brazilian population
aged 18 and over, identify the prevalence and correlates of problem drinking behaviors, and to
assess the relationship between these behaviors and self-reported driving after consuming
alcohol.

Materials and Methods
Data are derived from the National Health Survey (Pesquisa Nacional de Saúde) a nationally
representative household survey conducted by the Brazilian Institute of Geography and Statis-
tics (IBGE) and Ministry of Health in 2013. The survey employs a complex sampling design.
The primary sampling units are census tracts based on the 2010 census and randomly selected
from the IBGE national master sampling plan. Within each census tract households were ran-
domly selected from a national registry of addresses. Within selected households a randomly
selected respondent aged 18 or over was invited to take part in the study. The final sample size
was 62,986 with an overall response rate of 78% [29]. Person-level survey weights take into
account the probability of selection as well as non-response rates. The survey was approved by
the Brazilian National Commission on Ethics in Research (CONEP) of the National Health
Council (CNS).

We present descriptive statistics and bivariate analyses of non-drinkers versus drinkers. We
then present results of multivariable Poisson regression models for each binary drinking out-
come because their prevalence is well over 10% [30]. Results are in the form of incidence rate
ratios (IRR). We examine 5 main outcomes: current drinkers (defined those who report having
at least one alcoholic drink in the past 30 days), whether the respondent was below age 18 (the
minimum legal drinking age) when they first drank, binge drinking (defined as 5 or more
drinks in one setting for males and 4 for women in the past 30 days), binge drinking 4 or more
times in the past 30 days, and self-reported driving after having consumed alcohol (among
those who report drinking in the past 30 days and who drive a car or motorcycle). For all out-
comes except current drinking, we model behaviors among current drinkers only, and for fre-
quency of binge drinking, we model the behavior for binge drinkers only. We include age (in
categories and for all models except drinking before age 18), sex, educational attainment (less
than high school completed, high school completed, more than high school), self-reported skin
color according to the official Brazilian census categories (white, black, pardo, Asian, Native
American/Indigenous), residential location (rural versus urban and state capital residence
versus elsewhere), and being married or in a relationship as control variables. To examine the
relationships among drinking behaviors, we include them as covariates in subsequent models.
We plot marginal effects to illustrate the effects of multiple variables on outcomes of interest.

All analyses were performed using Stata version 13.1 and results incorporate appropriate
weights to control for the complex sample design. We used ArcGIS to generate maps with the
prevalence of each outcome for each of Brazil’s 26 states and federal district.

Results
Table 1 presents descriptive statistics for the sample. Slightly more than half of our sample was
female, approximately one-fifth was 25–34 years of age and 12% was 65 and older. About half
of respondents self-classified as white and about 40% as pardo (mixed or “brown”). Less than
half had completed high school. Nearly two thirds were married or cohabiting. A quarter of the
sample lived in one of the 26 state capitals or federal district, 86% resided in urban areas and
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Table 1. Descriptive statistics of study sample.

Total Current non-drinker
(n = 45,630)

Current Drinker1 (n = 14,595)

% 95% CI % 95% CI % 95% CI

Sex

Men 47.11 [46.36,47.85] 38.95 [38.15,39.77] 69.69* [68.29,71.05]

Women 52.89 [52.15,53.64] 61.05 [60.23,61.85] 30.31* [28.95,31.71]

Age

18–24 15.93 [15.36,16.51] 15.14 [14.52,15.79] 18.09* [16.85,19.40]

25–34 21.62 [21.04,22.22] 19.86 [19.24,20.50] 26.49* [25.23,27.79]

35–44 19.19 [18.64,19.76] 18.67 [18.00,19.37] 20.64* [19.67,21.64]

44–54 17.50 [16.96,18.05] 17.42 [16.78,18.08] 17.70 [16.66,18.80]

55–64 13.46 [12.97,13.97] 14.24 [13.67,14.83] 11.31* [10.44,12.25]

> 65 12.30 [11.80,12.82] 14.66 [14.04,15.30] 5.77* [5.17,6.43]

Education

Less than high school 38.94 [38.08,39.81] 41.76 [40.83,42.69] 31.14* [29.73,32.59]

Less than college 43.56 [42.75,44.36] 42.57 [41.71,43.43] 46.30* [44.71,47.89]

College or more 17.50 [16.72,18.31] 15.68 [14.92,16.46] 22.56* [21.14,24.05]

Skin color

White 47.46 [46.66,48.27] 46.56 [45.66,47.47] 49.95* [48.36,51.54]

Black 9.20 [8.75,9.67] 8.95 [8.44,9.50] 9.88 [9.08,10.74]

Pardo 41.98 [41.20,42.77] 43.04 [42.16,43.92] 39.04* [37.59,40.51]

Asian 0.94 [0.81,1.09] 1.00 [0.83,1.19] 0.78 [0.60,1.00]

Native American 0.42 [0.36,0.50] 0.45 [0.36,0.55] 0.36 [0.26,0.49]

Married/partner

Yes 61.19 [60.45,61.92] 61.85 [61.04,62.65] 59.35* [57.90,60.78]

No 38.81 [38.08,39.55] 38.15 [37.35,38.96] 40.65* [39.22,42.10]

Residence

Capital 24.72 [24.33,25.12] 24.20 [23.71,24.71] 26.16* [25.12,27.23]

Other 75.28 [74.88,75.67] 75.80 [75.29,76.29] 73.84* [72.77,74.88]

Region

Urban 86.20 [85.74,86.65] 85.03 [84.42,85.62] 89.44* [88.60,90.23]

Rural 13.80 [13.35,14.26] 14.97 [14.38,15.58] 10.56* [9.77,11.40]

Driver 48.56 [47.71,49.41] 41.48 [40.57,42.39] 68.18* [66.75,69.57]

Current drinker1 26.53 [25.70,27.28] - -

Age of drinking initiation, mean 18.73 [18.55,18.91]

Number of drinks consumed, mean 4.80 [4.67,4.92]

Binge-drinking, %2 51.47 [49.94,53.00]

Average times binge drinking/month mean3 3.28 [3.19,3.37]

Binge drink >4 times, %3 43.31 [41.29, 45.35]

Drinking and driving, %4 24.33 [22.67,26.06]

Results include sample weights and control for survey design.
1Defined as reporting having at least 1 drink in the past 30 days.
2At least 5 (for men) or 4 (for women) drinks in one occasion among current drinkers.
3 Among those reporting binge drinking in the past 30 days.
4 Among current drinkers who drive a car or motorcycle (n = 9,538).

*Statistically significant difference between current drinkers and non-drinkers (p<0.05).

doi:10.1371/journal.pone.0134153.t001
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nearly half of the sample reported being a driver of a car or motorcycle. More than a quarter
reported having at least 1 drink in the past 30 days.

Table 1 also shows there are substantial differences between non-drinkers and current
drinkers. Compared to non-drinkers, current drinkers were predominantly male, significantly
younger, more likely to self-identify as white, more likely to have started or completed college,
and slightly less likely to be married or cohabiting. Current drinkers were also slightly more
likely to reside in urban areas and capital cities, and were nearly 30% more likely to be drivers.

Among current drinkers, the average age of drinking initiation was 18.73 years. The average
number of drinks consumed was 4.8 drinks per occasion. Binge drinking was reported by over
half of current drinkers. Binge drinking occurred on average 3.3 times in the past 30 days and
43% of binger drinkers reported this behavior 4 or more times in the past month. Nearly one
quarter of current drinkers who drive a car or motorcycle reported driving after drinking.

Fig 1 displays the state-level variation for four of our five outcomes within the country and
highlights inconsistent patterns of drinking behaviors across states. (See S1 Table for point esti-
mates and 95% confidence intervals for each outcome by state). The first map shows the preva-
lence of current drinking. The highest prevalence rates (over 30%) are seen in Rio Grande do
Sul (RS), Santa Catarina (SC) and Bahia (BA), while the lowest rates are observed in the North-
ern region of the country. For drinking and driving (among drinkers), the map on the top right
corner shows that most states had rates between 21 and 29%. The states with the highest rates
of drinking and driving (between 30 and 39%) were clustered in the Northeast and Central
West regions of the country. In Maranhão (MA), nearly 40% of drinkers reported drinking and
driving, more than twice the rate in the prevalence states of São Paulo (SP, 18.5%) and Espirito
Santo (ES, 17,1%). The bottom-left quadrant shows the percentage of drinkers who reported
binge drinking in the last 30 days. Binge-drinking rates of 60% or more were observed in 14
states, mostly in the Northern and Northeastern regions. The lowest rates were observed in the
Southern region of the country. The bottom right corner shows the percentage of binge drink-
ers who reported binge-drinking 4 or more times in the past 30 days. Sixteen of the states pre-
sented rates of 40% or more and 3 of these—all found in the Northeastern region—had rates
between 50 and 59%. There was large variation among states. In Pernambuco (PE), 56.5% of
the binge-drinkers reported 4 or more binging episodes, while in Rio Grande do Sul (RS), the
state with the lowest rate, 22.8% of the binge-drinkers reported 4 or more episodes in the past
month.

Table 2 presents results of multivariable Poisson regression models for each outcome. As
seen in column 1, women were 60% less likely to be drinkers compared to men, holding con-
stant other covariates (p<0.001). People ages 25–34 were more likely to be current drinkers
than those 18–24 years, but those aged 55 and older were significantly less likely (p<0.001) to
drink alcohol. The prevalence of current drinking increased with education, with college
educated people being 36% more likely to be drinkers than those with less than a high school
education (p<0.001). Compared to whites, people self-classified as pardo and Asian were sig-
nificantly less likely to be drinkers (p<0.001). Compared to single people, those who were mar-
ried or cohabitating and people living in rural areas (compared to urban) were significantly less
likely to be drinkers (p<0.001). The relationship between having a drink in the past thirty days
and education, race, and residence did not persist when we examined predictors of initiating
drinking before age 18 (column 2). Women and those who were married or cohabitating were
less likely to have initiated early drinking, all else constant (p<0.001).

Models for binge drinking show that women were about 20% less likely than men to binge-
drink or to binge-drink 4 or more times in the past month (p<0.001). People aged 25 to 34
were more likely to binge-drink than younger respondents (p<0.01), while older respondents
(55–64 and 64 and older) were less likely to binge-drink (p<0.001). However, among binge
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drinkers, the group aged 55 to 64 had the highest prevalence ratio (IRR 1.34, 95% CI 1.09,1.64)
of binge-drinking 4 or more times in the previous month (p<0.01). College educated drinkers
were significantly less likely to binge-drink (p<0.001) and to binge-drink 4 or more times in
the past month (p<0.05), compared to those with less than a high school education. Blacks and
Asians were respectively 23% and 22% more likely to binge-drink as compared to whites
(p<0.001), but only Asian binge drinkers were more likely to binge-drink 4 or more times in
the past month compared to whites (p<0.01). Being married or cohabitating was negatively
associated with both binge drinking outcomes, as was rural residence, while living in a state
capital was positively associated with both. Alcohol initiation before 18 years of age was also
significantly associated with binge drinking outcomes: early age drinkers were 23% more likely
on average to binge-drink (p<0.001) and these binge drinkers were 16% more likely to binge 4

Fig 1. State-level prevalence rates of selected drinking behaviors among adults aged 18 and above, Brazil 2013.Data source: PNS 2013, public use
Arc-GIS shape files; authors’ calculations. Results include sample weights and control for survey design. Current drinkers defined as reporting having at least
1 drink in the past 30 days. Rates for drinking and driving are among current drinkers who also drive a car or motorcycle. Binge drinking defined as at least 5
(for men) or 4 (for women) drinks in one occasion among current drinkers. Frequent binge drinking defined as 4 or more episodes in the past 30 days, among
binge drinkers.

doi:10.1371/journal.pone.0134153.g001
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or more times in the past 30 days than those who reported initiating drinking after age 18
(p<0.01).

Table 2. Predictors of drinking behaviors.

Current drinker1 Drank before18 Binge drinking2 Binge >4 times3 Drove after drinking4

Female (v male) 0.39*** 0.7*** 0.79*** 0.8*** 0.46***

0.37,0.41 0.65,0.75 0.75,0.85 0.71,0.89 0.38,0.56

25–34 years (v 18–24) 1.1* - 1.13** 1.07 1.54***

1.02,1.19 1.05,1.23 0.91,1.25 1.26,1.89

35–44 1.02 - 1.06 1.2* 1.55***

0.93,1.11 0.96,1.16 1.02,1.40 1.26,1.91

45–54 0.96 - 0.96 1.21* 1.31*

0.88,1.06 0.87,1.06 1.01,1.44 1.04,1.65

55–64 0.82*** - 0.69*** 1.34** 1.15

0.74,0.91 0.60,0.80 1.09,1.64 0.85,1.55

65 and older 0.48*** - 0.45*** 1.25 1.05

0.42,0.54 0.37,0.56 0.95,1.64 0.68,1.62

Less than college 1.1** 1.06 0.95 0.92 1.26**

(v < high school) 1.04,1.17 0.99,1.14 0.89,1.01 0.82,1.02 1.09,1.45

College or more 1.36*** 1.07 0.84*** 0.81* 1.41***

1.27,1.46 0.98,1.17 0.77,0.91 0.69,0.95 1.18,1.69

Black (v white) 1.05 0.95 1.23*** 1.1 1.05

0.96,1.14 0.86,1.06 1.13,1.35 0.94,1.27 0.84,1.33

Pardo 0.8** 0.92 1.06 0.87 0.67

0.64,0.99 0.69,1.23 0.81,1.38 0.55,1.39 0.37,1.23

Asian 0.89*** 0.99 1.22*** 1.15** 1.12

0.84,0.94 0.93,1.06 1.15,1.30 1.04,1.27 0.98,1.27

Native American 0.82 0.83 1.13 1.42 0.59

0.64,1.06 0.57,1.20 0.84,1.51 0.97,2.07 0.24,1.45

Married or partnered 0.91*** 0.88*** 0.87*** 0.83*** 0.85**

0.87,0.96 0.83,0.93 0.82,0.92 0.76,0.92 0.75,0.96

Live in capital city 1.01 0.95 1.08** 1.11* 0.85*

0.96,1.06 0.90,1.01 1.02,1.14 1.01,1.21 0.75,0.96

Rural residence 0.78*** 1.04 0.92 0.88* 1.28**

0.72,0.85 0.96,1.13 0.85,1.00 0.77,1.00 1.08,1.51

Drank <age 18 - - 1.23*** 1.16** 1.06

1.17,1.31 1.05,1.27 0.94,1.19

Binge drinking - - - - 1.7***

1.48,1.96

N 60,222 14,595 14,595 8,107 9,538

Results are Incidence Rate Ratios and robust 95% CIs from Poisson regression models that include sample weights and control for survey design.

* p<0.05

** p<0.01

*** p<0.001
1 Defined as reporting having consumed at least 1 drink in the past 30 days.
2 At least 5 (for men) or 4 (for women) drinks in one occasion among current drinkers.
3 Among those reporting binge drinking in the past 30 days.
4 Among current drinkers who report being car or motorcycle drivers.

doi:10.1371/journal.pone.0134153.t002
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Factors positively associated with reporting drinking and driving were somewhat different
from those predicting binge drinking behaviors (last column). Among drivers, people in both
the age groups 25–34 and 35–44 were over 50% more likely to drive after drinking than those
aged 18 to 24 (p<0.001). The college educated were 41% more likely to report driving after
drinking compared to those with a high school education (p<0.001), and rural residence was
positively associated with drinking and driving (p<0.01). Factors negatively associated with
self-reported drinking and driving include being female, being married or partnered, and living
in a capital city. Among drivers, binge drinkers were 70% more likely to drive after drinking
than non-binge drinkers (p<0.001).

Fig 2 illustrates the non-linear relationships between binge drinking, age, and sex on report
of drinking and driving. For both sexes, the highest adjusted rates of reporting drinking and
driving occur at the ages 25–34 and 35 to 44, then decline with increasing age. Binge drinking
substantially and significantly increases the probability of reporting driving after drinking
among drivers-especially in the highest prevalence age group (25 to 34) where it reaches a high
of nearly 40% among men. A similar pattern, albeit of lower magnitude, is seen among women.

Discussion
Despite a prevalence of alcohol abstinence in Brazil that is significantly higher than that of the
United States and most wealthy OECD countries, this study has identified high rates of injuri-
ous drinking behaviors among those who do consume alcohol [31]. More than half of current
drinkers in Brazil report binge drinking and this activity occurs, on average, more than three
times a month. At the high end of the distribution, nearly 20 percent of male binge drinkers
and 10 percent of female binge drinkers report binge drinking 7 or more times per month.
Equally alarming, nearly a quarter of current drinkers report driving after drinking.

Our findings provide a national context for city level differences between men and women
observed in several studies [32–35]. Women were significantly less likely than men to report
alcohol consumption at all, and among those who drank, far less likely to report drinking
before age 18, binge drinking, frequent binge drinking, or driving after drinking, all else con-
stant. Examination of interactions between education and gender (results not shown) revealed
that the most educated women were almost twice as likely as the least educated to be drinkers,

Fig 2. Probability of drinking and driving by report of binge drinking, sex, and age. Data source: PNS
2013, authors’ calculations. Results are predicted probabilities of self-reported drinking and driving,
controlling for age, sex, educational attainment, rural and capital city residence, skin color, martial status,
drinking before age 18, binge drinking, and interactions between age, sex, and binge drinking.

doi:10.1371/journal.pone.0134153.g002
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but were less likely to binge drink, making the drinking profile for educated women closer to
that of men, albeit at much lower rates, consistent with findings in high income counties
[36,37].

Those who described themselves as married or partnered were less likely to report problem
drinking behaviors, a finding consistent with other international studies [31,38,39]. It may be
that those able to maintain a stable relationship may be less likely to have serious drinking
problems and to find support for non-problem drinking behaviors. Indeed, being married or
cohabiting has been found to be indicative of alcohol abuse treatment success [39].

In contrast to age-related risk behaviors observed in other countries, the likelihood of driv-
ing after drinking was higher among adults ages 25–54, than among those ages 18–24. This dif-
ference may be the result not only of the lower likelihood of those 18–24 to be drinkers, but
also reflect lesser availability of cars for younger drivers. This situation may very well change
with Brazil’s rapid changing economic and social context [23]. Indeed, in other studies, an
increase in purchasing power among youth has been associated with an increase in alcohol
consumption. Equally noteworthy is the considerable prevalence of frequent binge drinking
among those aged 35–64.

In this study, initiating drinking before age 18 was associated with a higher likelihood of
binge drinking overall and binge drinking more than 4 times a month, and binge drinkers were
more likely to report driving after drinking. Our findings are consistent with recent findings
that among students aged 14–18 years in the 27 Brazilian state capitals, 30% of youth reported
binge drinking behavior in the past year, and those with higher socioeconomic status had
higher risks of binge drinking [40]. Early drinking, and particularly dangerous drinking among
young people may not only increase risks of problem drinking as an adult, but has also been
associated with other harmful behaviors [41].

Other studies have found racial and ethnic disparities in regards to problem drinking and
this study underscored such findings. Compared to those who identified as white, Asian and
mixed (pardo) individuals were less likely to be drinkers. Among drinkers, blacks and Asians
were considerably more likely than whites to report binge drinking, and Asians more likely to
report frequent binge drinking, even after controlling for demographic and socioeconomic
characteristics. These differences merit further study since interventions to reduce problem
drinking in Brazil may require adaption to different social and cultural contexts [42].

Our study provides the first picture of patterns of multiple drinking behaviors across Brazil-
ian states and the geographic differences point to areas where alcohol control efforts should be
targeted. Rural residence was associated with an increased likelihood to drive after drinking
and we note high rates of self-reported drinking and driving in states with large semi-urban
and rural areas. The substantive variation across states in the portion of the population that
reports binge-drinking, frequent binge-drinking and drinking and driving bears further inves-
tigation. This variation may reflect differences in state populations by age distribution, levels of
education, and economic factors such as car ownership. They may also suggest differences in
enforcement of existing policies controlling alcohol and impaired driving.

Other studies have found self-reports to be underestimates of impaired driving [43]. Our
study adds to knowledge about the perceptions of enforcement of Brazil’s “dry law” regarding
drinking and driving. The finding that those living in capital cities were less likely to report
driving after drinking likely reflects the fact that large cities have been more active in setting up
sobriety checkpoints on the road than have municipalities in rural or semi-urban areas. Addi-
tionally, the proportion of the population who readily admit to engaging in an illegal behavior
with substantial penalties suggests either a lack of awareness or concern about the law or sug-
gests that social norms sanctioning drinking and driving have yet to fully permeate Brazilian
society.
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The patterns of alcohol consumption reported in this study warrant attention from Brazil-
ian policymakers and civil society. Among drinkers, the prevalence and frequency of binge
drinking and drinking after driving far exceed rates in other industrialized nations. For exam-
ple, in the United States, a country with relatively high rates of binge drinking only 30% of
drinkers report binge drinking. Motor vehicle crashes continue to be a leading cause of death
and disability in Brazil with estimates of over 40% of traffic deaths attributed to alcohol
involvement [44]. Alcohol is also strongly implicated in incidents of interpersonal violence,
rates of which are disproportionately high in Brazil [6]. This clustering of dangerous alcohol-
related behaviors suggests the need for continued action on Brazilian alcohol policy.

This study has some limitations. Results are based on self-report and are likely to represent
underestimates of true values, especially with regard to socially sanctioned or illegal activities
such as drinking and driving. However, the large sample size and state-level estimates have
been able to illuminate the socio-economic, demographic, and geographic determinants of
alcohol consumption and associated risk factors in a large, diverse middle income country.
Because the data are cross-sectional we are unable to determine causal relationships and direc-
tionality of the observed associations. The results nevertheless point to a cluster of factors asso-
ciated with elevated risky alcohol behaviors that may be targets for more detailed investigation
and intervention.
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S1 Table. State-level prevalence and 95% CI of selected drinking behaviors, Brazil 2013.
Data source: PNS 2013, authors’ calculations. Results include sample weights and control for
survey design. 1Defined as reporting having at least 1 drink in the past 30 days. 2At least 5 (for
men) or 4 (for women) drinks in one occasion among current drinkers. 3 Among those report-
ing binge drinking in the past 30 days. 4 Among current drinkers who drive a car or motorcy-
cle.
(DOCX)

Author Contributions
Conceived and designed the experiments: JM. Analyzed the data: JM PM GJ. Contributed
reagents/materials/analysis tools: JM PM DS OLMN GJ. Wrote the paper: JM PM DS OLMN.

References
1. Roswall N, Weiderpass E (2015) Alcohol as a risk factor for cancer: existing evidence in a global per-

spective. J Prev Med Public Health 48: 1–9. doi: 10.3961/jpmph.14.052 PMID: 25652705

2. Whiteford HA, Ferrari AJ, Degenhardt L, Feigin V, Vos T (2015) The global burden of mental, neurologi-
cal and substance use disorders: an analysis from the global burden of disease study 2010. PLoS One
Feb 6: 10: e0116820. doi: 10.1371/journal.pone.0116820 PMID: 25658103

3. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, et al. (2012) A comparative risk assessment of bur-
den of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990–
2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet 380: 2224–2260.
doi: 10.1016/S0140-6736(12)61766-8 PMID: 23245609

4. McKee M, Haines A, Ebrahim S, Lamptey P, Barreto ML, et al. (2014) Towards a comprehensive global
approach to prevention and control of NCDs. Global Health 10: 74. doi: 10.1186/s12992-014-0074-8
PMID: 25348262

5. Anderson P, Chisholm D, Fuhr DC (2009) Effectiveness and cost-effectiveness of policies and pro-
grammes to reduce the harm caused by alcohol. Lancet Jun 27; 373: 2234–2246. doi: 10.1016/S0140-
6736(09)60744-3 PMID: 19560605

6. Reichenheim ME, de Souza ER, Moraes CL, de Mello Jorge MH, da Silva CM, et al. (2011) Violence
and injuries in Brazil: the effect, progress made, and challenges ahead. Lancet 377: 1962–1975. doi:
10.1016/S0140-6736(11)60053-6 PMID: 21561649

Alcohol Consumption and Related Behaviors in Brazil

PLOS ONE | DOI:10.1371/journal.pone.0134153 July 31, 2015 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0134153.s001
http://dx.doi.org/10.3961/jpmph.14.052
http://www.ncbi.nlm.nih.gov/pubmed/25652705
http://dx.doi.org/10.1371/journal.pone.0116820
http://www.ncbi.nlm.nih.gov/pubmed/25658103
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://www.ncbi.nlm.nih.gov/pubmed/23245609
http://dx.doi.org/10.1186/s12992-014-0074-8
http://www.ncbi.nlm.nih.gov/pubmed/25348262
http://dx.doi.org/10.1016/S0140-6736(09)60744-3
http://dx.doi.org/10.1016/S0140-6736(09)60744-3
http://www.ncbi.nlm.nih.gov/pubmed/19560605
http://dx.doi.org/10.1016/S0140-6736(11)60053-6
http://www.ncbi.nlm.nih.gov/pubmed/21561649


7. Gawryszewski VP, Monteiro MG (2014) Mortality from diseases, conditions and injuries where alcohol
is a necessary cause in the Americas, 2007–09. Addiction 109: 570–577. doi: 10.1111/add.12418
PMID: 24417789

8. Bacchieri G, Barros AJ (2011) Traffic accidents in Brazil from 1998 to 2010: many changes and few
effects. Rev Saude Publica 45: 949–963. PMID: 21953026

9. Ministerio da Saude, SVS (2011) Sistema de Informacoes sobre Mortalidade—SIM. Rede Interagencial
de Informacoes para a Saude (RIPSA), http://tabnetdatasusgovbr/cgi/tabcgiexe?idb2012/c09def.

10. de Morais Neto OL, Montenegro Mde M, Monteiro RA, Siqueira JB Junior, da Silva MM, et al. (2012)
[Mortality due to Road Traffic Accidents in Brazil in the last decade: trends and risk clusters]. Cien
Saude Colet 17: 2223–2236. PMID: 22996872

11. Chandran A, Sousa TR, Guo Y, Bishai D, Pechansky F, et al. (2012) Road traffic deaths in Brazil: rising
trends in pedestrian and motorcycle occupant deaths. Traffic Inj Prev 13 Suppl 1: 11–16. doi: 10.1080/
15389588.2011.633289 PMID: 22414123

12. Malta DC, Berna RT, da Silva MM, Claro RM, da Silva JB Junior, et al. (2014) Consumption of alcoholic
beverages, driving vehicles, a balance of dry law, Brazil 2007–2013. Rev Saude Publica 48: 692–966.
PMID: 25210828

13. Pechansky F, De Boni R, Diemen LV, Bumaguin D, Pinsky I, et al. (2009) Highly reported prevalence of
drinking and driving in Brazil: data from the first representative household study. Rev Bras Psiquiatr 31:
125–130. PMID: 19578684

14. Saldanha RF, Pechansky F, Benzano D, Barros CA, Boni RB (2014) Differences between attendance
in emergency care of male and female victims of traffic accidents in Porto Alegre, Rio Grande do Sul
state, Brazil. Cien Saude Colet 19: 3925–3930. PMID: 25184597

15. European Comission (2014) Road Safety: Alcohol. Mobility and Transport: European Union.

16. National Highway Traffic Safety Administration Driving Safety: Impaired Driving. Washington, DC: U.
S. Department of Transportation,.

17. Plunk AD, Syed-Mohammed H, Cavazos-Rehg P, Bierut LJ, Grucza RA (2014) Alcohol Consumption,
Heavy Drinking, and Mortality: Rethinking the J-Shaped Curve. Alcoholism: Clinical and Experimental
Research 38: 471–478.

18. van Oers JA, Bongers IM, van de Goor LA, Garretsen HF (1999) Alcohol consumption, alcohol-related
problems, problem drinking, and socioeconomic status. Alcohol Alcohol 34: 78–88. PMID: 10075406

19. Bloomfield K (2000) Alcohol Consumption and Alcohol Problems AmongWomen in European Coun-
tries. Subst Abus 21: 223–229. PMID: 12466661

20. Bloomfield K, Grittner U, Kramer S, Gmel G (2006) Social inequalities in alcohol consumption and alco-
hol-related problems in the study countries of the EU concerted action 'Gender, Culture and Alcohol
Problems: a Multi-national Study'. Alcohol Alcohol Suppl 41: i26–36. PMID: 17030500

21. Bloomfield K, Gmel G, Wilsnack S (2006) Introduction to special issue 'Gender, Culture and Alcohol
Problems: a Multi-national Study'. Alcohol Alcohol Suppl 41: i3–7. PMID: 17030501

22. Bandi P, Silver D, Mijanovich T, Macinko J (2015) Temporal Trends in Motor Vehicle Fatalities in the
United States, 1986–2010—A Jointpoint Regression Analysis. Injury Epidemiology In Press.

23. De Boni R, von Diemen L, Duarte Pdo C, Bumaguin DB, Hilgert JB, et al. (2012) Regional differences
associated with drinking and driving in Brazil. Rev Bras Psiquiatr 34: 306–313. PMID: 23429776

24. Campos VR, Salgado Rde S, Rocha MC (2013) [Positive breathalyzer test: factors associated with
drinking and driving in the city of Belo Horizonte, Minas Gerais State, Brazil]. Cad Saude Publica 29:
51–61. PMID: 23370024

25. Shield KD, Gmel G, Kehoe-Chan T, Dawson DA, Grant BF, et al. (2013) Mortality and potential years of
life lost attributable to alcohol consumption by race and sex in the United States in 2005. PLoS One 8:
e51923. doi: 10.1371/journal.pone.0051923 PMID: 23300957

26. Saloner B, Cook BL (2013) Blacks And Hispanics Are Less Likely ThanWhites To Complete Addiction
Treatment, Largely Due To Socioeconomic Factors. Health Affairs 32: 135–145. doi: 10.1377/hlthaff.
2011.0983 PMID: 23297281

27. Karriker-Jaffe KJ, C. M. Roberts S, Bond J (2012) Income Inequality, Alcohol Use, and Alcohol-Related
Problems. American Journal of Public Health 103: 649–656. doi: 10.2105/AJPH.2012.300882 PMID:
23237183

28. Theall KP, Lancaster BP, Lynch S, Haines RT, Scribner S, et al. (2011) The Neighborhood Alcohol
Environment and At-Risk Drinking Among African-Americans. Alcoholism: Clinical and Experimental
Research 35: 996–1003.

29. Szwarcwald CL, Malta DC, Pereira CA, Vieira ML, CondeWL, et al. (2014) [National Health Survey in
Brazil: design and methodology of application]. Cien Saude Colet 19: 333–342. PMID: 24863810

Alcohol Consumption and Related Behaviors in Brazil

PLOS ONE | DOI:10.1371/journal.pone.0134153 July 31, 2015 11 / 12

http://dx.doi.org/10.1111/add.12418
http://www.ncbi.nlm.nih.gov/pubmed/24417789
http://www.ncbi.nlm.nih.gov/pubmed/21953026
http://tabnetdatasusgovbr/cgi/tabcgiexe?idb2012/c09def
http://www.ncbi.nlm.nih.gov/pubmed/22996872
http://dx.doi.org/10.1080/15389588.2011.633289
http://dx.doi.org/10.1080/15389588.2011.633289
http://www.ncbi.nlm.nih.gov/pubmed/22414123
http://www.ncbi.nlm.nih.gov/pubmed/25210828
http://www.ncbi.nlm.nih.gov/pubmed/19578684
http://www.ncbi.nlm.nih.gov/pubmed/25184597
http://www.ncbi.nlm.nih.gov/pubmed/10075406
http://www.ncbi.nlm.nih.gov/pubmed/12466661
http://www.ncbi.nlm.nih.gov/pubmed/17030500
http://www.ncbi.nlm.nih.gov/pubmed/17030501
http://www.ncbi.nlm.nih.gov/pubmed/23429776
http://www.ncbi.nlm.nih.gov/pubmed/23370024
http://dx.doi.org/10.1371/journal.pone.0051923
http://www.ncbi.nlm.nih.gov/pubmed/23300957
http://dx.doi.org/10.1377/hlthaff.2011.0983
http://dx.doi.org/10.1377/hlthaff.2011.0983
http://www.ncbi.nlm.nih.gov/pubmed/23297281
http://dx.doi.org/10.2105/AJPH.2012.300882
http://www.ncbi.nlm.nih.gov/pubmed/23237183
http://www.ncbi.nlm.nih.gov/pubmed/24863810


30. Barros A, Hirakata V (2003) Alternatives for logistic regression in cross-sectional studies: an empirical
comparison of models that directly estimate the prevalence ratio. BMCMedical Research Methodology
3: 21. PMID: 14567763

31. Dawson DA, Goldstein RB, Saha TD, Grant BF (2015) Changes in alcohol consumption: United States,
2001–2002 to 2012–2013. Drug Alcohol Depend 148: 56–61. doi: 10.1016/j.drugalcdep.2014.12.016
PMID: 25620731

32. Costa JS, Silveira MF, Gazalle FK, Oliveira SS, Hallal PC, et al. (2004) [Heavy alcohol consumption
and associated factors: a population-based study]. Rev Saude Publica 38: 284–291. PMID: 15122386

33. Almeida-Filho N, Lessa I, Magalhaes L, Araujo MJ, Aquino E, et al. (2005) Social inequality and alcohol
consumption-abuse in Bahia, Brazil—interactions of gender, ethnicity and social class. Soc Psychiatry
Psychiatr Epidemiol 40: 214–222. PMID: 15742227

34. Wolle CC, Sanches M, Zilberman ML, Caetano R, Zaleski M, et al. (2011) Differences in drinking pat-
terns between men and women in Brazil. Rev Bras Psiquiatr 33: 367–373. PMID: 22189926

35. Laranjeira R, Madruga CS, Pinsky I, Caetano R (2014) [The Second Brazilian National Alcohol and
Drugs Survey]. Brazil: Instituto Nacional de Ciencia e Tecnologia para Politicas Publicas do Alcool e
Outras Drogas (INPAD).

36. Grittner U, Kuntsche S, Gmel G, Bloomfield K (2013) Alcohol consumption and social inequality at the
individual and country levels—results from an international study. Eur J Public Health 23: 332–339.
doi: 10.1093/eurpub/cks044 PMID: 22562712

37. Grittner U, Kuntsche S, Graham K, Bloomfield K (2012) Social inequalities and gender differences in
the experience of alcohol-related problems. Alcohol Alcohol 47: 597–605. doi: 10.1093/alcalc/ags040
PMID: 22542707

38. Halme JT, Seppä K, Alho H, Pirkola S, Poikolainen K, et al. (2008) Hazardous Drinking: Prevalence
and Associations in the Finnish General Population. Alcoholism: Clinical and Experimental Research
32: 1615–1622.

39. Chiappetta V, García-Rodríguez O, Jin CJ, Secades-Villa R, Blanco C Predictors of quit attempts and
successful quit attempts among individuals with alcohol use disorders in a nationally representative
sample. Drug & Alcohol Dependence 141: 138–144.

40. Sanchez ZM, Locatelli DP, Noto AR, Martins SS (2013) Binge drinking among Brazilian students: a gra-
dient of association with socioeconomic status in five geo-economic regions. Drug Alcohol Depend
127: 87–93. doi: 10.1016/j.drugalcdep.2012.06.018 PMID: 22771006

41. Sanchez ZM, Santos MGR, Pereira APD, Nappo SA, Carlini EA, et al. Childhood Alcohol Use May Pre-
dict Adolescent Binge Drinking: A Multivariate Analysis among Adolescents in Brazil. The Journal of
Pediatrics 163: 363–368. doi: 10.1016/j.jpeds.2013.01.029 PMID: 23434122

42. Jomar RT, Abreu AMM, Griep RH (2014) Patterns of alcohol consumption and associated factors
among adult users of primary health care services of Rio de Janeiro, Brazil. Ciencia & Saúde Coletiva
19: 27–37.

43. Sousa T, Lunnen JC, Gonçalves V, Schmitz A, Pasa G, et al. Challenges associated with drink driving
measurement: combining police and self-reported data to estimate an accurate prevalence in Brazil.
Injury 44: S11–S16.

44. Modeli MES (2008) Blood alcohol concentration in fatal traffic accidents in the Federal District, Brazil.
Rev Saúde Pública 42: 350–352. PMID: 18327493

Alcohol Consumption and Related Behaviors in Brazil

PLOS ONE | DOI:10.1371/journal.pone.0134153 July 31, 2015 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/14567763
http://dx.doi.org/10.1016/j.drugalcdep.2014.12.016
http://www.ncbi.nlm.nih.gov/pubmed/25620731
http://www.ncbi.nlm.nih.gov/pubmed/15122386
http://www.ncbi.nlm.nih.gov/pubmed/15742227
http://www.ncbi.nlm.nih.gov/pubmed/22189926
http://dx.doi.org/10.1093/eurpub/cks044
http://www.ncbi.nlm.nih.gov/pubmed/22562712
http://dx.doi.org/10.1093/alcalc/ags040
http://www.ncbi.nlm.nih.gov/pubmed/22542707
http://dx.doi.org/10.1016/j.drugalcdep.2012.06.018
http://www.ncbi.nlm.nih.gov/pubmed/22771006
http://dx.doi.org/10.1016/j.jpeds.2013.01.029
http://www.ncbi.nlm.nih.gov/pubmed/23434122
http://www.ncbi.nlm.nih.gov/pubmed/18327493



