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Abstract

Many human cancers develop as a result of exposure to risk factors related to the environ-
ment and ways of life. The aim of this study was to estimate attributable fractions of 25 types
of cancers resulting from exposure to modifiable risk factors in Brazil. The prevalence of
exposure to selected risk factors among adults was obtained from population-based sur-
veys conducted from 2000 to 2008. Risk estimates were based on data drawn from meta-
analyses or large, high quality studies. Population-attributable fractions (PAF) for a combi-
nation of risk factors, as well as the number of preventable deaths and cancer cases, were
calculated for 2020. The known preventable risk factors studied will account for 34% of can-
cer cases among men and 35% among women in 2020, and for 46% and 39% deaths,
respectively. The highest attributable fractions were estimated for tobacco smoking, infec-
tions, low consumption of fruits and vegetables, excess weight, reproductive factors, and
physical inactivity. This is the first study to systematically estimate the fraction of cancer
attributable to potentially modifiable risk factors in Brazil. Strategies for primary prevention
of tobacco smoking and control of infection and the promotion of a healthy diet and physical
activity should be the main priorities in policies for cancer prevention in the country.

PLOS ONE | DOI:10.1371/journal.pone.0148761

February 10,2016 1/13


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0148761&domain=pdf
http://creativecommons.org/licenses/by/4.0/

@’PLOS ‘ ONE

Attributable Causes of Cancer in Brazil

Introduction

It has been recognized for several decades that many human cancers are caused by external fac-
tors and therefore can—at least in theory—be prevented [1]. A large number of modifiable fac-
tors, including environmental agents, microbes, and personal behaviors, have been classified as
established human carcinogens by the International Agency for Research on Cancer (IARC),
and more are suspected carcinogens [2]. In parallel, understanding of carcinogenesis has pro-
gressed, and despite remaining uncertainties, this has helped to base cancer prevention on reli-
able quantitative data [3]. Therefore, a significant number of cases could be prevented by
avoiding or reducing exposure to many known risk factors. Despite a growing body of scientific
evidence on the causes of cancer, in many countries there are no quantitative estimates of the
potential for cancer prevention associated with these risk factors.

In 1981, Doll and Peto [4] estimated that 30% of cancer deaths in the of estimated cancers
in male United States (US) were linked to tobacco smoking. In Nordic countries, 33% adults
and 20% in female adults were due to exposure to active and passive tobacco smoking, alcohol
use, asbestos and other occupational carcinogens, ionizing and solar radiation, obesity, human
papillomavirus and Helicobacter pylori infection [3]. In France, in 2000, 35% of cancer deaths
were attributable to known risk factors including active and passive tobacco smoking, alcohol
use, infections, excess weight, physical inactivity, reproductive history, use of exogenous hor-
mones, and exposure to ultraviolet radiation, occupational agents and asbestos [5,6]. In the
United Kingdom (UK), in 2010, 14 risk factors (tobacco smoking, alcohol use, diet, and excess
weight, among others) accounted for 42.7% of cancer cases [7]. In Japan, 55% of cancers in
male adults were estimated as preventable [8].

Rapid urbanization in low- and middle-income countries has increased the number of indi-
viduals exposed to cancer risk factors. In China, an analysis of causes of cancer pointed out
that 60% of cancer deaths were due to modifiable risk factors [9]. In South Korea, 25% of can-
cer cases and deaths were estimated as preventable by means of actions to reduce exposure to
infectious agents [10]. Danaei et al. [11] showed that mortality from 12 types of cancer were
attributable to nine behavioral and environmental risk factors, and preventative measures
would prevent 35% of cancer deaths worldwide, with 34% in low-and middle-income countries
and 37% in high-income countries.

Brazil is characterized by an environment combining poor living conditions in low-income
areas with the effects of rapid demographic and nutritional transition, which increases the pop-
ulation’s exposure to cancer risk factors [12]. Death rates from breast, colorectal, prostate and
female lung cancer have increased, while gastric, cervical, and male lung cancer have declined,
although they still remain high [13].

Some Brazilian studies have reported high proportions of mortality and incidence of cancer
attributable to tobacco smoking [14-17], particularly for lung and larynx cancers.

The aim of this study was to estimate attributable fractions of cancers in the adult popula-
tion resulting from exposure to tobacco smoking, alcohol use, diet, overweight and obesity,
physical inactivity, infections, reproductive history, and selected occupational and environ-
mental agents.

Materials and Methods
Selected risk factors and types of cancer included in the study

Only risk factors known as potentially preventable (i.e., modifiable) causes associated with can-
cer were selected for this study. The selection of risk factors was also based on the availability of
information required to estimate the level of exposure in the Brazilian population. The study
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included human carcinogens listed in Group 1 of the International Agency for Research on
Cancer (IARC) [2], as well as factors showing evidence of probable causes (e.g., diet, nutrition)
as reported by the World Cancer Research Fund/American Institute for Cancer Research [18],
and potential cancer preventive factors evaluated in the series of the IARC Handbooks of Can-
cer Prevention [19]. Other risk and protective factors, such as physical inactivity and air pollu-
tion, were identified and selected from the most recent high quality meta-analyses when they
showed significant relative risks [20-24].

Risk factors selected for this study were associated with 25 anatomical cancer sites that were
considered for the analysis.

All risk factors with their respective optimum exposure levels and associated cancers
included in the study are presented in Table 1.

Prevalence of exposure to the studied risk factors

The estimates of prevalence of exposure to lifestyle and reproductive factors in individuals aged
30 years and over were taken from the most important and nationwide population-based sur-
veys carried out in Brazil by the Ministry of Health and by the Brazilian Institute of Geography
and Statistics (IBGE) between 2006 and 2008 [25]. The following surveys were considered:
National Household Sample Survey (PNAD), 2008 [26]; Family Budget Survey (POF), 2008-
2009 [27]; Special Survey on Tobacco Use in Brazil (PETab), 2008 [28]; Telephone-based Sur-
veillance of Risk and Protective Factors for Chronic Diseases (VIGITEL), 2008 [29] and National
Demographic and Health Survey of Children and Women (PNDS), 2006 [30]. More details
about these surveys, including the access to questionnaires, can be seen in S1 and S2 Tables.

The prevalence of the exposure of adults to hepatitis viruses was taken from a population-
based survey conducted in all Brazilian capitals in 2005 (Population-based Study of Hepatitis
A, B and C Infection Prevalence in Brazilian Capital Cities) [31]. The prevalence of the other
infectious agents were obtained from Brazilian epidemiological studies on Human papilloma-
virus HPV [32,33], Helicobacter pylori (H. pylori) [34], and Epstein-Barr virus (EBV) [35].

The definitions of dietary intake exposures were taken from the recommendations of the
World Health Organization (WHO) and Food and Agriculture Organization for the United
Nations (FAO) [36]. The maximum consumption for red meat was considered as 70 g/day,
and a minimum consumption of 160 g/day and 240 g/day was considered for fruits and vegeta-
bles, respectively.

Estimates of the prevalence of workers with occupational exposures were obtained from
data available in the 2000 Brazilian Census [37] and in the 2003 National Household Sample
Survey (PNAD, 2003) [38]. The occupations for each field based on IBGE’s occupational classi-
fication with exposure to carcinogenic agents according to IARC (Group 1) [2], as listed in
Table 1, were included in the study.

Sources of environmental exposure data included surveys and studies supporting approxi-
mate estimates of background population exposures.

The population exposed to particulate matter (PM10) pollution was estimated as being the
proportion of individuals living in metropolitan areas in Brazil in 2008 [39]. The average
annual exposure to PM10 in these areas was considered similar to the weighted average expo-
sure in 21 industrialized cities obtained by measurements of the Brazilian Environment Protec-
tion Agency’s pollution monitoring programs between 2000 and 2008 [39]. The estimated
exposure to PM10 was then calculated considering the percentage of the population living in
all metropolitan areas of the country, and the risk was accounted for when the exposure was
higher than the maximum annual average exposure of 20 ug/m’, according to WHO recom-
mendations [40].
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Table 1. Risk factors, theoretical optimum exposure level, and associated cancers.

Exposure

Tobacco smoking (active)

Frequent alcohol consumption

Diet
Low intake of fruits and vegetables

Intake of processed meat

Excess intake of red meat
Excess intake of salt
Overweight/obesity

Physical inactivity

Infectious agents

Human papillomavirus (HPV)
Helicobacter pylori (H. pylori)
Epstein-Barr virus (EBV)

Hepatitis B virus (HBsAg)
Hepatitis C antibody (anti-HCV)
No or short breastfeeding

Use of oral contraceptives

Occupational agents (Formaldehyde, Painting,
Rubber industry, Benzene, Leather dust, Silica,
Wood dust, Nickel, Asbestos, Benzopyrene, Diesel,
Iron/steel, Radon, Gamma radiation)

Environmental agents

Solar radiation (frequent exposure and/or sunburn
episodes among white-skinned population)

Second-hand smoke
Particulate matter (PM10) pollution*

*Among population living in urban areas.

doi:10.1371/journal.pone.0148761.t001

Optimum exposure level

Never smoking

No alcohol consumption

>160 g of fruits/day; >240 g of
vegetables/day

No consumption

Up to 70 g/day
Up to 10 g/day
BMI < 25 kg/m?

Practice of physical activity at leisure-
time and/or domestic-related and/or
work-related and/or commuting-related

No infection

Breastfeeding for more than 6 months
No use
No exposure

No daily exposure or history of sunburn

No exposure
< 20 pg/m®

Associated cancer

Oral cavity, Esophageal (squamous and
adenocarcinoma), Stomach (cardia and non-cardia),
Liver, Pancreas, Larynx, Lung, Ovary, Kidney,
Bladder

Oral cavity, Esophageal (squamous) Stomach (non-
cardia), Colon and rectum, Liver, Larynx, Breast
(postmenopausal)

Oral cavity, Esophageal (squamous), Stomach (cardia
and Non-cardia portions), Larynx, Lung

Stomach (Cardia and non-cardia portions), Colon and
rectum

Colon and rectum
Stomach (cardia and con-cardia portions)

Colon and rectum, Esophageal (adenocarcinoma),
Gallbladder and bile ducts, Breast (postmenopausal),
Corpus uterus, Kidney

Colon and rectum, Pancreas, Breast, Corpus uterus,
Prostate, Kidney

Oral cavity, Oropharynx, Larynx, Cervix uterus, Penis
Stomach (non-cardia portion)

Nasopharynx, Hodgkin lymphoma, Non-Hodgkin
lymphoma

Liver
Liver
Breast
Breast

Esophageal (squamous), Nasopharynx, Sinonasal,
Larynx, Lung, Bladder, Breast, Ovary, Mesothelioma,
Non-Hodgkin lymphoma, Leukemia

Melanoma

Lung
Lung

Exposure to passive tobacco smoking was calculated as the proportion of individuals aged
30 years and over who reported being exposed to second-hand tobacco smoke indoors in the
PETab [28].

Exposure to solar radiation was based on the proportion of white-skinned individuals in
2008 [26]. The prevalence of individuals exposed to high levels of sun exposure and with a his-
tory of sunburn was considered among the white-skinned population. The number of individu-
als with high levels of sun exposure was drawn from a population-based survey conducted in
Brazilian cities between 2003 and 2005 [41] and the history of episodes of sunburn was

obtained from a Brazilian study conducted in the state of Rio Grande do Sul, which has a large
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number of white-skinned individuals [42]. These proportions were multiplied by the percent-
age of white-skinned individuals living in Brazil in 2008 [26].

All estimates of prevalence or average consumption defined for the study with their respec-
tive data sources are presented in S1 and S2 Tables.

Selection of risk estimates

The risk estimates for the selected risk factors applied in the calculation of population-attribut-
able fractions (PAF) were obtained from literature reviews. Separate reviews of studies were
conducted for each group of risk factors, especially taking into account meta-analyses studies.
When there were no meta-analyses available, the selection of relative risks was based on inter-
national and Brazilian observational studies with high quality standards and involving a suffi-
cient number of participants to allow inference on risk associations. All risk estimators and
respective references can be found in S1 and S2 Tables.

Statistical analysis
The PAF for categorical variables were estimated using the following equation [43]:

P(RR—1)

PAF=—¢— " _
P(RR—1)+1

Where P, = prevalence of the exposure in the population and RR = relative risk for the cancer
associated with the exposure

For RR with continuous exposures such as fruits, vegetables, processed meat, red meat, and
PM10, the following equation was applied:

exp[In(RRunit) x x] —1

PAF = ; =
exp[In(RRunit) x X]

Where RR,,,;; = relative risk for each unit increment in the exposure and
X = average exposure

The joint effect in the presence of more than one biologically independent risk factor was
estimated by the equation proposed by Ezzati et al. [44]:

PAF =1—TI" (1 — PAF)

Where: PAF; = individual risk factors PAF.

The prevalence of exposures was selected for the 2000-2008 period and the number of
deaths and new cases of cancer for the population aged 30 years and over was estimated for the
year 2020, in order to keep a 12-20 year lag-time period between exposures and outcomes.

The projection of cases was based on data from the Brazilian Population-Based Cancer Reg-
istries (PBCR) [45] and from the Brazilian Mortality Information System [46]. Mortality data
for the 1996-2011 period were corrected for underreporting of deaths. Given that the demo-
graphic methods for estimating the level of mortality of the adult population yielded inconsis-
tent results, correction factors for the underreporting of deaths according to year, sex, age
group, and States of the Federation were estimated in order to obtain life expectancy by year,
sex, and state provided by the Brazilian Bureau of statistics. A set of nonspecific cancers
together with ill-defined causes were distributed proportionately, according to the state of resi-
dence, year, sex, age, and causes of death. After applying a three-year moving average on the
population and a mortality time series, rates were calculated and projected for each type of can-
cer using the geometric growth rate for the period. The mortality for 2020 was projected using
a linear regression model with its naperian logarithm as the response variable. Lastly, the
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incidence for each type of cancer was obtained by multiplying mortality by the average inci-
dence: mortality (I/M) ratio estimated from 11 pooled PBCR with the best data quality in the
period from 2000 to 2010. The criteria to select these PBCR were: population size greater than
200,000; reporting data from at least three consecutive years; information with death-certifi-
cate-only registrations less than 20%; more than 70% morphologically-verified cases
(MV > 70%) and no unexpected fluctuations in the number of incident cases (stable coverage).
This study was approved by the Research and Ethics Committee of the Institute of Social
Medicine of the Rio de Janeiro State University in 20 August 2013 (Process Number: CAAE
18415713.2.0000.5260).

Results

The fraction of cancers attributable to each risk factor in relation to the total number of cases
by sex can be seen in Fig 1.

The highest fraction is due to tobacco smoking, infections, low consumption of fruits and
vegetables, physical inactivity and overweight/obesity.

The combined effect of the studied risk factors for each type of cancer by sex are shown in
Table 2. High proportions of preventable deaths and cases were estimated for cervical, breast,
lung, colon, and rectal cancers. Details of the estimated specific and combined PAF by cancer
site are described in S1 and S2 Tables.

Discussion

This is the first study to estimate the fraction of cancers attributable to a wide range of poten-
tially modifiable risk factors in Brazil. The selected risk factors may explain 34.2% of cancer
cases and 42.0% of cancer deaths across the country in 2020. These fractions are lower than

Tobacco
Infections

Low intake of vegetables

Physical inactivity
Low intake of fruits
Overweight/obesity
Salt intake > 10 g/day
Occupational agents

Frequent use of alcohol ¥ Women

Processed meat consumption ¥ Men

Solar radiation

Second-hand smoke

Particulate matter (PM10) pollution
Use of oral contraceptive

No breast feeding '

Red meat intake >70g/day

[} 2 4 6 8 10 12 14 16
Fraction (%)

Fig 1. Estimated fraction of the total cases of cancer for the population 30 years old and over in Brazil
attributable to selected risk factors in 2020.

doi:10.1371/journal.pone.0148761.g001
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Table 2. Population-attributable fractions (PAF) and corresponding estimates for 2020 of deaths and cases by cancer site for the population 30
years old and over in Brazil by sex.

Men Women

Cancer site PAF (%) Deaths Cases PAF (%) Deaths Cases

Cervix uteri 100.0 8718 23773
Oral cavity 95.0 3877 10624 92.3 1522 5954
Nasopharynx 89.2 295 651 89.2 159 387
Trachea, bronchus and lung 88.3 17206 20071 73.6 11680 14581
Stomach (non-cardia portion) 88.0 7645 11410 83.6 3927 6396
Larynx 80.2 4104 7035 711 531 1321
Esophagus (squamous) 72.8 4915 6783 60.2 1178 1868
Non-Hodgkin lymphoma 71.5 2004 4747 71.0 1670 4039
Stomach (cardia portion) 65.5 1950 2905 62.2 1013 1650
Hodgkin lymphoma 61.8 135 507 61.8 108 455
Corpus uteri 44.8 960 3548
Esophagus (adenocarcinoma) 44.2 753 1039 43.6 215 341
Colon and rectum 43.8 6121 13760 25.3 3570 7808
Breast (post menopause) 17,3 2475 10349
Pancreas 33.9 1973 1973 24.7 1632 1632
Mesothelioma 32.7 31 37 5.6 3 5
Kidney 35.6 997 2500 31.3 466 1253
Melanoma of skin 27.2 342 1371 26.2 238 1300
Breast (pre menopause) 11.2 538 2251
Liver 25.9 1389 1389 23.9 802 802
Bladder 23.6 815 2558 17.7 272 833
Nose sinuses 21.7 47 163 6.4 10 43
Leukemia 16.8 598 779 3.9 126 161
Oropharynx 14.4 658 1034 14.4 142 275
Penis 9,6 51 231

Gallbladder and bile ducts 6.6 89 102 18.2 432 481
Prostate 6.0 1363 6801

Ovary 15 75 142
All above 57808 98890 42676 92067
All sites* 128626 292156 110744 265452
Total reduction (%) 44.9 33.9 38.5 34.7

*Excluding non-melanoma skin cancer.

doi:10.1371/journal.pone.0148761.1002

those reported in China for deaths (58%) [9], in the US for incident cases (60%) [47], in Japan
for deaths and cases (46.2% and 42.7%, respectively) [8], and for incident cases in the UK
(42.7%) [7]. Our values are similar to those estimated for cases in Australia (32.0%) [48], but
higher than those estimated for deaths in France (35.0%) [6] and for cases in Nordic countries
(26.5%) [5] (Table 3). Although all these studies evaluated the fraction of cancers attributable
to potentially preventable risk factors, they did not include exactly the same risk factors and for
that reason, this comparison should be regarded with caution.

Tobacco smoking is the leading contributor to the incidence of cancer and deaths expected
for 2020 in Brazil. The fraction attributable to infection appears as the second preventable
cause of cancer as observed in low- and middle-income countries [49]. The high number of
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Table 3. Comparison of estimates of cancer deaths and incident cases attributable to the combined
effects of modifiable risk factors among different countries.

Country PAF* (%)
Deaths Cases

Brazil, 2020 (present study) 42.0 34.2
France, 20002 [6] 35.0

Nordic countries, 2000%° [5] 26.5
Japan, 2005° [8] 46.2 427
China, 2005 [9] 57.4

United States of America, 2008 [47] 60.0
United Kingdom, 2010 [7] 42.7
Australia, 2010° [48] 32.0

*Population attributable fraction.
The estimates did not include:
Adiet risk factors;

Pphysical inactivity;
occupational agents.

doi:10.1371/journal.pone.0148761.t003

preventable cases of cancer due to infections among women is affected by the incidence of cer-
vical cancer, which is particularly high in the less developed regions of the country [13].

The percentage of adult individuals with positive tests for HBsAg (0.6%) and for anti-HCV
(1.6%) used in our study can be considered low if compared to other countries [46]. Even if a
potential bias of under-detection could not be excluded, we still opted to use the data from the
hepatitis survey in Brazilian capitals [31], given that it is clearly more representative than other
epidemiological studies restricted to small areas and that its results were not different from
what was detected among blood donors in the State of Sdo Paulo [50].

Because of the urbanization and industrialization progress in Brazil, poor diet and excess
weight are among the main risk factors leading to new cases of cancer. This scenario is highly
concerning because the food industry in low- and middle-income countries like Brazil is push-
ing hard to increase the demand for food products [51] which are high in fat, sugar, calories,
and salt, and also include carcinogenic compounds such as nitrites and nitrates. At the same
time, the consumption of fruits and vegetables that may protect against several cancers is very
low in Brazil [52], below one-third of the minimum recommended level of 400 g/day [36]. Fur-
thermore, the increasing intake of high-energy dense food products and sugar-added beverages
has contributed to the increase in the prevalence of overweight/obesity [27], accounting for a
significant fraction of cancer cases in Brazil. Also important is the high intake of salt in the Bra-
zilian population leading to an expressive PAF for stomach cancer. Although mortality trends
for stomach cancer have been decreasing in all regions of the country, death rates still rank
third among men and fifth among women [13].

Estimates of PAF for overweight and obesity were higher than those reported in other coun-
tries. In Japan, the country with the lowest average body mass index (BMI) in the high-income
world, excess weight accounted for about 1% of cancer cases [8]. In France, the country with
the fourth lowest average BMI among high-income countries [49], the proportion of cancer
attributable to excess weight was 1.1% (1.6 among males and 2.3% among female adults) [6].
Brazil is undergoing a displacement of healthy foods and eating practices, leading to a rapid
increase in overweight and obesity [27]. Recent data show that about one-third of children,
one-fifth of adolescents, and half of adults have excess weight in Brazil [27]. Unless effective
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measures are put in place to control and reduce the dramatically increasing prevalence of over-
weight and obesity, a much greater number of obesity-related cancers may be expected.

Our estimates for physical inactivity (4.0%), lower than what was reported in Canada
(7.9%) [53], and higher than those seen in Korea [54] and France [6], are consistent with the
recent literature [55] and may play a role in the burden of cancer in Brazil related to physical
inactivity, especially for breast and colon cancer.

The ongoing demographic transition in Brazil has led to important lifestyle changes, espe-
cially among female adults. The increase in life expectancy with a markedly reduced fertility is
contributing to a higher level of exposure to reproductive risk factors for breast cancer [56]. As
many of these reproductive factors are not subject to preventive intervention, only breast-feed-
ing and the use of oral contraceptives were included in the present study. Although the use of
oral contraceptives and not breast-feeding are prevalent conditions among Brazilian women,
small attributable fractions were estimated (2.1% and 1.4%, respectively, as shown in S2 Table),
due to the small relative risks related to these factors.

The occupational agents analyzed in the present study, despite high relative risks for some
conditions, show a lower impact on total cancer in the Brazilian population (2.3% in men and
0.3% in women) when compared to data from other countries where a range from 3 to 14% in
male adults and 1 to 2% in female adults was observed [57].

The low impact of the occupational agents studied is noteworthy, possibly suggesting an
underestimation of the real prevalence. This fact may be explained by the use of a specific crite-
rion for determining occupations highly exposed to agents that are classified as definitively car-
cinogenic. The number of workers included in this criterion was estimated based on data
drawn from official statistics. Since many individuals in occupations with a high potential for
carcinogenic-agent exposure work in the informal market, underreporting is likely to occur
[58]. This fact may have affected, in particular, the data on workers’ exposure to asbestos.

The relative risk estimates used in this study were drawn from meta-analyses and large
international studies. Although this option helps external comparison, some of these estimates
may not accurately represent the exposure effects in our population. Another limitation refers
to the suboptimal quality of mortality and incidence data. The techniques used to correct for
underreporting and ill-defined codes of death are not sufficient to prevent underestimate of
rare cancers, which depend on complex diagnostic workups. This may explain the low inci-
dence and mortality estimates for malignant pleural mesothelioma, a neoplasm that usually
depends on surgical tissue biopsies and the use of immunohistochemistry for definitive diagno-
sis [59]. It is also possible that the PAF to melanoma associated with sun exposure may under-
estimate the number of cases of the disease. This is because only the white-skinned population
was considered, and because the history of sunburns was observed only in the south and may
therefore not accurately represent the whole country.

The low coverage of cancer registries prevented direct incidence estimates. We also were
unable to estimate time trends in incidence:mortality (I/M) ratios, as few registries have long
enough series. Instead, the available data allowed us to estimate with reasonable reliability the
average recent I/M ratios for the most frequent cancers, which were used in the projection of
cases. Hence, the recent trends in incidence, which are not yet reflected in mortality, were not
considered in our projections.

In our study, we opted to include the population aged 30 years and older considering that
the cases of cancer arising before this age are more likely to be due to genetic or other unknown
origins, and that they would not reflect the exposure to the studied modifiable risk factors.
Additionally, we assumed that in a population aged 30 years and over, the majority of individu-
als would better cover potential exposures accumulated for at least 10 years during adult life.
Accordingly, it must be stressed that although the estimated fractions refer to the population
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aged 30 years and over, the selected prevalence of the studied risk factors was based on related
exposure during the full life course, not only exposure after age 30.

Despite these limitations, our data suggest various patterns that are consistent with a coun-
try in economic transition having characteristics of both developed and less developed coun-
tries. Facing poverty and marked health inequalities, low-income countries show a high
prevalence of non-cardiac gastric and cervical cancers, particularly in poor areas [60], which
can be prevented through actions primarily focused on tobacco control, control of infections,
and healthy eating. On the other hand, cancers like breast, prostate and colorectal, common in
high-income countries, demand actions to change sedentary life.

The lessons drawn from the tobacco control experience in Brazil [12] should be followed
with the implementation of preventive actions focusing on other modifiable risk factors. The
promotion of healthy eating, physical activity, and protection against harmful occupational
and environmental exposures are necessary. Special attention must also be given to the control
of infections and sanitary conditions.

Advances in some actions designed in Brazil, such as smoke-free environments and adver-
tisement regulations [61] are in course; however, there are many other policies yet to be imple-
mented with legislation and economic measures to promote large-scale changes with greater
impact over a broader range of modifiable risk factors.

Effective prevention strategies must be based on the results of epidemiological studies allow-
ing future comparisons and improvement of health surveillance. Priority should be given to
research projects to explore cancer risks among low-income population groups who are at an
increased risk and live under conditions that make them extremely vulnerable.
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