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a b s t r a c t

This is the first study specifically estimating the proportion of new cancer cases that could be attributable
to alcohol consumption in the year 2012 in Brazil. The proportion of exposed cases and the association
between alcohol and lip and oral cavity, nasopharynx, other pharynx, larynx, esophagus, colorectum,
female breast, liver, and intrahepatic bile ducts cancers was based on data made available by the Inte-
grator System of Hospital Cancer Registries. The cancer incidence was obtained from the estimates
produced by GLOBOCAN. In 2012 there were 437,592 new cancer cases in Brazil, excluding non-
melanoma skin cancers. Of these, alcohol consumption was responsible for 4.8% of all new cases. The
alcohol-attributable fraction was higher for men (7.0%) than for women (2.6%). A total of 21,000 new
cancer cases, 15,554 in men and 5,646 in women, could be attributable to alcohol consumption. In Brazil,
a significant fraction of cancer cases can be attributed to alcohol consumption, and public health mea-
sures to prevent heavy alcohol use should be implemented.

� 2016 Elsevier Inc. All rights reserved.
Introduction

Alcohol consumption is one of the most important known
causes of human cancer after tobacco smoking (Boffetta, Hashibe,
La Vecchia, Zatonski, & Rehm, 2006). Although since the first half
of the twentieth century there have been suspicions that alcohol
was involved in the production of cancer (Doll & Peto,1981), only in
the last 25 years has it been recognized that long-term alcohol
consumption increases the risk of cancer. Since 1988, the Interna-
tional Agency for Research on Cancer (IARC) indicated that malig-
nant tumors of the oral cavity, pharynx, larynx, esophagus, and liver
are causally related to the consumption of alcoholic beverages
(IARC, 1988). IARC included alcohol consumption in the group of
substances, mixtures, and exposure circumstances that are carci-
nogenic to humans (IARC Group 1 carcinogens) (IARC,1988). A large
number of epidemiological studies have demonstrated the associ-
ation between alcohol ingestion and the occurrence of different
types of cancer. More recently, Roswall and Weiderpass (2015)
extensively reviewed the 2007 World Cancer Research Fund/
American Institute for Cancer Research Report (WCRF & AICR, 2007)
ave no funding sources.
ave no conflicts of interest.
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ntro, CEP 20231-050, Rio de
and the 2012 IARC monograph (IARC, 2012), and concluded that
there is convincing scientific evidence that alcohol can cause cancer
of the oral cavity, pharynx, larynx and esophagus in men and
women, colon, and rectum in men, and cancer of the breast in
women. The two reports diverge on the evidence for the association
with liver cancer and colon and rectum cancer in women. A recent
systematic literature review analyzing the association between
alcohol consumption and the development of cancer confirmed
these data and added that there are still increased risks of devel-
oping cancer of the prostate and central nervous system in men (de
Menezes, Bergmann, & Thuler, 2013).

The mechanisms by which alcoholic drinks exert their muta-
genic and carcinogenic effects are not fully understood, but several
biological mechanisms have been proposed: genotoxic effect of
acetaldehyde (a metabolite of ethanol); induction of cytochrome
P450 2E1; increased level of estrogen (important for breast carci-
nogenesis); solvent for tobacco carcinogens; production of reactive
oxygen and nitrogen species; angiogenesis; nutritional deficiencies
(e.g., vitamin B6, methyl donors) or excesses (vitamin A, b-caro-
tene); reduced immune surveillance, and changes in folate meta-
bolism (Boffetta et al., 2006; IARC, 2010). For some cancers, there is
a synergistic effect of drinking alcohol and smoking tobacco that
substantially surpasses the risk from any isolated factor. Concurrent
alcohol and tobacco dependence may be influenced by a variety of
genetic, neurobiological, conditioning, and psychosocial mecha-
nisms (Drobes, 2002). Also, it is well known that the risk of cancer
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Table 1
Adjusted odds ratios, proportion of exposed cases, and population-attributable
fraction.

Cancer site (ICD-10) Men Women

aORa Pcb PAF (%)a aORa Pcb PAF (%)a

Lip, oral cavity (C00-08) 3.0 71.9 47.9 2.3 27.5 15.5
Nasopharynx (C11)c 1.7 48.5 20.0
Other pharynx (C09-10

and C12-14)d
3.8 26.7 19.7 3.9 5.7 4.2

Larynx (C32) 2.5 68.0 40.8 2.4 32.7 19.1
Esophagus (C15) 3.6 73.9 53.4 3.5 33.7 24.1
Colorectum (C18-21) 1.3 36.9 8.5 1.3 9.8 2.6
Female breast (C50) 1.6 13.3 5.0
Liver and intrahepatic

bile ducts (C22)
2.8 56.2 36.1 1.9 17.0 8.1

aOR: Adjusted odds ratio; Pc: Proportion of exposed cases; PAF: population-
attributable fraction
ICD-10: The 10th revision of the International Statistical Classification of. Diseases
and Related Health Problems.

a de Menezes et al., 2015.
b Hospital Cancer Registries in Brazil (Integrator System).
c There is no association between alcohol consumption and nasopharynx cancer

in women.
d There was no data available for the tonsils (C09) and Unspecific parts of the

pharynx (C14).
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depends on the type of alcoholic beverage consumed and increases
with increasing consumption of alcohol, producing a dosee
response relationship (Collaborative Group on Hormonal Factors in
Breast Cancer, 2002; Corrao, Bagnardi, Zambon, & La Vecchia, 2004;
WCRF & AICR, 2007).

Several authors have analyzed the proportion of new cancer
cases that can be attributed to alcohol. In France, it was estimated
that among men and women, 10.8% and 4.5%, respectively, of all
cancer cases in the year 2000 were attributable to alcohol con-
sumption (IARC, 2007). An estimate of the global number of cancer
cases attributable to alcohol consumption was published in 2006
and stated that 3.6% of all cancers (5.2% in men and 1.7% in women)
were caused by alcohol (Boffetta & Hashibe, 2006). In another
study, including eight European countries (France, Italy, Spain,
United Kingdom, the Netherlands, Greece, Germany, Denmark),
among men and women, 10% (95% confidence interval 7e13%) and
3% (1e5%), respectively, of the 2008 cancer incidence was attrib-
utable to former and current alcohol consumption (Schütze et al.,
2011). On the other hand, in Australia these figures ranged from
2.2% to 6.5% in both sexes for the year 2009 (Cancer Council
Australia Public Health Committee, 2012). Differences in these
statistics result mostly from variations in the prevalence of con-
sumption in the populations (Testino, 2011). Additionally, with re-
gard to the number of deaths that can be attributable to alcohol
consumption, in one of the earliest studies on the subject, Rothman
(1980) estimated that in 1974 about 3% of all U.S. cancers were
attributable to alcohol. At almost the same time, Doll and Peto
(1981) estimated that for U.S. cancer deaths in 1978, the true per-
centage lay outside the range of 2e4%. More recently, Rehm and
colleagues (Rehm et al., 2009) concluded that 4% of all cancer
deaths worldwide were attributable to alcohol use.

In Brazil, alcohol consumption has increased in recent years.
Rising use in the youth population, increased marketing of the in-
dustry, fragile public health infrastructure, and scarcity of govern-
mental policies and control programs may explain this increase
(Caetano & Laranjeira, 2006). Data from the World Health
Organization (WHO) (2014) and 2� Levantamento Nacional de
Álcool e Drogas (Laranjeira, 2014) showed that half of the Brazilian
population aged 15 years or older had drunk alcohol at least once in
the previous 12 months. In 2010, alcohol consumption was 7.2 L of
pure alcohol per capita in the country, which is considered medium
to high. The beverage which Brazilians drink the most is beer (61%
of the total consumption of alcoholic beverages in the country),
followed by wine (25%) and spirits (12%). Among the spirits, the
most consumed is cachaça, followed by whiskey and rum. Data
from a telephone survey in 2010 involving 54,339 adults, in all
Brazilian state capitals and in the Federal District, showed that a
history of alcohol abuse is a matter of concern in both men (26.8%;
95% CI 25.2e28.3) and in women (10.6%; 95% CI 9.7e11.4) (Iser,
Yokota, de Sá, de Moura, & Malta, 2012). To our knowledge, no
study to date has assessed the number of new cancer cases attrib-
utable to alcohol consumption in the Brazilian population. There-
fore, the objective of this study is to estimate the number of new
cancer cases that can be attributed to alcohol consumption in the
year 2012 in Brazil.

Methods

This is an observational study based on secondary data. The
Population Attributable Fraction (PAF)measures the proportion and
number of cancer cases that would not have occurred if the expo-
sure had been nonexistent. The calculation of PAF depends on two
variables: the prevalence of exposure and the risk of disease. In this
study, the proportion of cases in the Brazilian population that could
be attributed to alcohol exposure in 2012 was estimated as follows:
PAF ¼ Pc (aOR � 1)∕aOR, where Pc is the alcohol exposure preva-
lence among the cases and aOR is the adjusted odds ratio
(Nurminen & Karjalainen, 2001).

The risk estimates (odds ratios adjusted by sex, age, race, edu-
cation, marital status, smoking, region of residence, and year of
diagnosis) concerning the association between alcohol consump-
tion and the development of each cancer typewere obtained from a
Brazilian caseecontrol study comprising 203,506 cancer cases (de
Menezes, Bergmann, Aguiar, & Thuler, 2015). The data source for
this study was the web-based system of Hospital Cancer Registries
in Brazil (Integrator System). This secondary databasewas also used
to estimate the proportion of exposure to alcohol in cancer cases
used in the present study. PAFs were calculated only for the cancer
types associated with alcohol based on the evaluation of the IARC
(IARC, 2012), WCRF/AICR (WCRF & AICR, 2007), and a systematic
literature review (de Menezes et al., 2013): lip and oral cavity
(C00e08); nasopharynx (C11); other pharynx in men (C09e10;
C12e14); larynx (C32); esophagus (C15); colorectum (C18e21);
female breast (C50); liver and intrahepatic bile ducts (C22)
(Table 1).

In this study, data on cancer incidence were obtained from the
estimates produced by GLOBOCAN for the year 2012 (Ferlay et al.,
2012), since estimates produced by the Brazilian National Cancer
Institute (INCA) for the years 2014 and 2015 (Brasil, 2013), although
more current, did not include the cancers of pharynx, larynx in
women, and liver.

We have obtained the absolute number of alcohol-attributable
cancer cases by multiplying the population attributable fraction
with the total number of new cancer cases estimated for 2012, for
each type of cancer by sex, and summed them.

We conducted data analyses by using SPSS version 21.0 (IBM
Corp., Armonk, NY, USA) and Excel 2007 (Microsoft Corporation,
Redmond, WA, USA).
Results

In 2012 there were 437,592 new cancer cases in Brazil, excluding
non-melanoma skin cancers. Of these, alcohol consumption was
responsible for 4.8% of all new cases (7.0% of 223,077 cases in men
and 2.6% of 214,515 cases in women) (Table 2).
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Table 2
Percentage of cancer cases attributed to alcohol consumption in Brazil, 2012.

Cancer cases in Brazil in 2012 Men Women Total

Total number estimateda 223,077 214,515 437,592
Cases attributable to alcohol

consumption
15,554 5,646 21,000

% of all cases attributable to
alcohol consumption

7.0% 2.6% 4.8%

a Ferlay et al., 2012.
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A total of 15,554 cancer cases in men and 5,646 cancer cases in
women could be attributable to alcohol consumption. Calculations
of fractions for the sites for which there was substantial evidence
for a carcinogenic role show that cancer of the esophagus was the
main alcohol-related cancer in men, contributing to 33.3% of all
alcohol-related cancer cases, while in women this ranking was
occupied by breast cancer, which was responsible for 59.5% of
alcohol-related cancer cases (Table 3).
Discussion

This is the first study specifically evaluating the proportion of
new cancer cases attributable to alcohol consumption in Brazil.
According to our results, in 2012, in both sexes, 21,000 new cancer
cases (4.8% of the total) could have been prevented by avoiding
alcohol consumption. The number of alcohol-related cancer cases
was highest for gastrointestinal cancers (esophageal cancer, colo-
rectal cancer, liver, and intrahepatic bile duct cancer ¼ 10,202
cases). They are followed by head and neck cancers (lip and oral
cavity, nasopharynx and other pharynx, and larynx ¼ 7528 cases).

The number of newcancer cases that can be attributed to alcohol
consumption was higher among men than women (15,554 versus
5,646), reflecting greater alcohol consumption in men and the
higher association of alcohol with specific cancer types. It is worth
stressing that 59.5% of cancers attributable to alcohol use inwomen
occur in the breast (3,357 cases). These figures are consistent with
data published by other authors (Boffetta & Hashibe, 2006; IARC,
2007; Parkin, 2011; Schütze et al., 2011). These estimates are con-
servative, since they refer only to cancers with a recognized asso-
ciation with alcohol consumption, suggesting that the statistics
may be even higher.

Additionally, in Brazil, an increased risk of developing cancer of
the prostate and central nervous system was described in men (de
Menezes et al., 2013). However, a recent meta-analysis concluded
that there is accumulating evidence that alcohol consumption is
Table 3
Estimated number of cases of cancer attributed to alcohol consumption in Brazil, 2012.

Cancer site (ICD-10) Men

No. cancer
casesb

PAF (%)a No. (%) attrib
to alcohol

Lip, oral cavity (C00-08) 6,930 47.9 3,322 (19.3)
Nasopharynx (C11)c 565 20.0 113 (0.7)
Other pharynx (C09-10 and C12-14)c 4,551 19.7 895 (5.8)
Larynx (C32) 6,281 40.8 2,563 (14.9)
Esophagus (C15) 9,713 53.4 5,184 (30.1)
Colorectum (C18-21) 16,368 8.5 1,394 (8.1)
Female breast (C50) e e

Liver and intrahepatic bile ducts (C22) 5,766 36.1 2,083 (12.1)
Total 50,174 e 15,554 (100.0

PAF: population-attributable fraction.
ICD-10: The 10th revision of the International Statistical Classification of. Diseases and R

a de Menezes et al., 2015.
b Ferlay et al., 2012.
c There were no data available for the tonsils (C09) and non-specific parts of the phar
associated with cancers of pancreas, prostate, lung, stomach, mel-
anoma, and gallbladder (Bagnard et al., 2015). These cancers were
not included in the present study since these cancer sites require
further evaluation and are not part of the IARC carcinogen list.

It is worth emphasizing that differences across studies can result
from variations in the prevalence of alcohol intake, patterns of
alcohol consumption by gender, local pattern of consumption, the
type of beverage consumed, and the carcinogenic effect of the kind
of alcoholic beverage consumed (Boffetta & Hashibe, 2006; Ridolfo
& Stevenson, 2001). In Brazil, there is no uniformity of alcohol
consumption; liquors (such as sugar cane hard liquor) are
consumed more frequently in the northeastern and northern
regions and wine is consumed more frequently in the southern
region, for example (Laranjeira, Pinsky, Sanches, Zaleski, & Caetano,
2010). Another key aspect to be considered is the already demon-
strated interaction between alcohol use and tobacco smoking in the
etiology of certain cancer types, mainly head and neck and
gastrointestinal cancers (Moura, Bergmann, Aguiar, & Thuler, 2014).
In order to minimize the influence of tobacco use e as a residual
confounder e and other potential confounders such as gender, age,
race, education, marital status, region of residence, and year of
diagnosis, risk calculations used odds ratios adjusted for those
factors (de Menezes et al., 2015).

Our results are limited by the quality of available data, as we did
not have control of the quality of information from cases and con-
trols. With respect to cancer incidence, two data sources were
available: GLOBOCAN and INCA. In order to have more reliable es-
timates we chose GLOBOCAN, because it included the cancers of
pharynx and larynx in women, and liver in both sexes, which were
not available in the Brazilian National Cancer Institute estimates
(Brasil, 2013). In addition, GLOBOCAN is more appropriate for in-
ternational comparisons.

The data source for exposure (prevalence of alcohol consump-
tion among cases) and risk (adjusted odds ratio) was HCR. However,
these data may be subject to lack of quality and inaccuracy because
they were collected over a long period of time (from 2000 to 2009)
and by a large number of cancer hospitals, making it difficult to
control the quality of information. A strong point that should be
emphasized is that during this period, INCA promoted sustained
training of cancer registrars and published several manuals in order
to prevent bias.

An additional point to be discussed is that this study did not
consider the amount of alcohol consumed by the patients at the
present time (e.g., never consumers, regular consumption, heavy
drinking, or binge drinking) or in the past (former consumers). It is
well known that a substantial part of the cancer incidence is
Women Total

utable No. cancer
casesb

PAF (%)a No. (%) attributable
to alcohol

No. attributable
to alcohol

3,509 15.5 545 (9.3) 3,867
113

953 4.2 40 (0.7) 936
850 19.1 162 (2.8) 2,725

3,194 24.1 769 (13.2) 5,953
17,581 2.6 457 (7.8) 1,851
67,316 5.0 3,357 (57.5) 3,357
3,912 8.1 315 (5.4) 2,398

) 97,554 e 5,646 (100.0) 21,200

elated Health Problems.

ynx (C14).
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associated with consumption above the recommended maximal
daily limit of alcohol (Schütze et al., 2011). In this regard, future
studies should explore this key feature.

It is important to highlight that Brazil has a few regulations
concerning alcohol consumption. For example, it is illegal to sell
alcoholic beverages to people under the age of 18 and in outlets
located next to roadways, and advertisements for alcoholic bever-
ages can only be aired on radio and television between 9:00 PM and
6:00 AM. Furthermore, since 2008, the federal government insti-
tuted an act to penalize drunken driving; this is commonly referred
to as “Lei Seca” (the Dry Law). It penalizes people caught driving
with an illegal alcohol level in the blood (the national maximum
legal blood alcohol concentration when driving a vehicle is 0.02%).

However, a recent literature review concluded that alcohol
policies are still sporadically enforced in the country (Mangueira,
Guimarães, Mangueira, Fernandes, & Lopes, 2015). The authors
highlight the need for a revision of public policies on alcohol in
order to prioritize health promotion and assistance in the various
levels of health care for vulnerable groups. In this context, alcohol
policies must be developed with the aim of reducing the harmful
use of alcohol and the alcohol-attributable burden to society. As a
considerable proportion of cancers is attributable to alcohol con-
sumption, it is essential to continue and to increase efforts to reduce
alcohol consumption in Brazil by means of public health initiatives
and legislation addressing alcohol intake.

In conclusion, in Brazil a significant fraction of cancer cases are
attributable to alcohol consumption, especially head and neck and
gastrointestinal cancers. Although more than 60 non-neoplastic
diseases related to alcohol consumption (such as neuropsychiatric
conditions, cardiovascular diseases, gastrointestinal conditions, and
intentional and unintentional injuries) may have an even greater
impact on the global burden of diseases, the figures described in
this study should not be disregarded from the perspective of public
health. Although the attributable fraction for cancer related to
alcohol is relatively small (4.8% of all new cases in 2012), one cannot
forget the other injuries related to alcohol: in Brazil, each year,
21,000 cancer cases could be prevented by alcohol control.
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