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INTRODUCTION

The colorectal cancer (CRC) comprises malignant 
tumors located in the large intestine formed by the 
colon (located in the abdomen) and the rectum (lo-
cated in the pelvis)(2, 26). The incidence and mortality 
of CRC have shown, worldwide, an increasing trend, 
especially in the developed countries and urban areas 
of developing countries. Worldwide, CRC is the fourth 
most incident(9) neoplasm and constitutes a potentially 
curable disease when diagnosed in early stages. The 
survival of the CRC is considered good if  diagnosed 
early, with a 5-year average survival between 40% and 
50%, and there were no major differences between 
developed and developing countries. This relatively 
good prognosis makes the CRC is the second most 
prevalent cancer worldwide totaling approximately 
2.4 million people living with this cancer(15).

In Brazil, the CRC are among the five most 
common locations of  cancer in both sexes(6). Is the 
third most frequent cancer (excluding non-mela-
noma skin tumors), with an estimated 28,110 new 
cases in 2010 (with 13,310 cases in men and 14,800 in  
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women). Cancer of the colon and rectum in men is 
the third most common in the South (21/100.000) 
and Southeast (19/100.000), while in the Midwest 
ranks fourth (11/100.000) and in the Northeast 
(5/100.000) and North (4/100.000) is the fifth most 
commonly diagnosed malignant type. For women, it 
is the second most common in the South (22/100.000) 
and Southeast (21/100.000), the third in the Midwest 
(11/100.000) and Northeast (6/100.000) and fifth in 
the North (4/100.000)(13).

The recent increase in the incidence of  CRC in 
Brazil is due to longer life expectancy, combined with 
dietary changes of  the population. We know that 
CRC is much more common in individuals over 50 
years, with an exponential increase in the number of 
diagnoses from this age(23).

The epidemiological distribution of cancer in Bra-
zil suggests a transition in progress, with the increase 
in the types of cancer usually associated with higher 
socioeconomic status (breast, prostate and colorectal) 
and, at the same time, the presence of high incidence 
coefficients of tumors usually related to poverty (cer-
vical cancer, penis, oral cavity and stomach)(1, 10, 11).  
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This epidemiological transition certainly results from ex-
posure to various environmental risk factors related to the 
industrialization process (chemical, physical and biological) 
exposure and other factors related to social inequalities. CRC 
is a good example of the influence that environmental factors 
exert in the pathogenesis of cancer.

The mortality studies have been widely used to describe 
the distribution patterns of cancer, allowing the assessment 
of  trends and correlations between observed patterns and 
environmental factors. Therefore, the objective of this study 
is to estimate the correlation between income per capita and 
the average mortality rate for colorectal cancer in Brazil 
between 2001 and 2009.

METHODOLOGY

Study design
We used the time series of mortality rates for colorectal 

cancer in the years between 2001 and 2009, for which data 
were provided by DATASUS(3). To do the analyzes were 
included codes for colon and rectal cancer: C18 (malignant 
neoplasm of colon), C19 (malignant neoplasm of rectosig-
moid), C20 (malignant neoplasm of rectum).

The specific mortality rates and age-adjusted per 100.000 
men and women were calculated for each year between 1980 
and 2009. Rates were calculated for specific age ranges, using 
intervals of 5 years from the age of 20. Mortality rates were 
adjusted based on the world standard population for global 
comparisons as proposed by Segi et al.(21) and modified by 
Doll et al.(7).

Socioeconomic indicators
Some socioeconomic indicators were used to analyze 

the relationship that they had with the cancer mortality 
colorretal(3):

• Internal crude product (ICP) per capita: average value 
added per person, in cash and the market prices of final 
goods and services produced in a given geographical 
area, the current year;

• Average income per household capita: is the average 
per capita household income of people living in a given 
geographical area, the current year;

• Gini Index: measures the degree of concentration of 
the distribution of per capita household income and a 
population in a given geographic area;

• Adults with family income <1/2 minimum wage: 
proportion of  population with per capita monthly 
household income of up to half  the minimum wage in 
a given geographic area, the current year;

Data analysis
Initially, we made the scatter diagrams between mortality 

rates and years of study, to evaluate the type of relationship 
between them. Then started the modeling process, conside-
ring mortality rates as the dependent variable (Y) and the 
years of study as an independent variable (X). To study the 
trend, we chose to estimate regression models(16). A trend line 

represents a trend, the long-term movement in time series 
data after other components have been accounted for. It tells 
whether a particular data set have increased or decreased 
over the period of time. A trend line could simply be drawn 
by eye through a set of data points, but more properly their 
position and slope is calculated using statistical techniques 
like linear regression. Trend lines typically are straight lines, 
although some variations use higher degree polynomials 
depending on the degree of curvature desired in the line. To 
avoid colinearity between the terms of the regression equa-
tion, we used the centralized variable.

The first model to be tested was the linear model (Y = β0 + 
β1X) and subsequently tested models of higher order: second 
degree or parabolic (Y = β0 + β1X + β2X2) third degree (Y = 
β0 + + β1X + β2X2 + β3X3) and exponential (Y = + eβ

0 + β1X).
It was considered as the best model the one that presented 

the highest coefficient of determination (R2) in conjunction 
with the statistical significance (lowest P value). When two 
models were similar, from the statistical point of  view, to 
the same location, we opted for the simplest model, i.e, the 
lower order. A trend was considered significant one whose 
estimated model obtained P<0.05.

Finally, to assess the correlation between the rate of 
colorectal cancer mortality and socioeconomic indicators 
used across states, we carried out a bivariate analysis using 
Pearson’s correlation coefficient. the Pearson correlation 
coefficient is a measure of the correlation (linear dependence) 
between two variables X and Y, giving a value between +1 
and −1 inclusive. It is widely used in the sciences as a measure 
of the strength of linear dependence between two variables. 
It was developed by Karl Pearson from a related idea intro-
duced by Francis Galton in the 1880s.

RESULTS

Figure 1 shows the time series of indicators of income 
in Brazil (average income per capita and ICP per capita) 
between 2001-2009. Thus, it refers to the trend between 2001 
and 2009, the increase in average per capita income and the 
rate of ICP per capita.

FIGURE 1. Income indicators trend in Brazil. (Per capita average income 
and ICP per capita). Brazil, 2001-2009
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It was observed therefore an annual increase in the aver-
age income per capita and ICP per capita. Figure 2 refers to 
the series of indicators of poverty and inequality in Brazil 
(Gini index and population with income <½ minimum wage/
month) between 2001-2009. Soon, relates the percentage of 
the population living on less than half  the minimum wage 
per month and the Gini index, from 2001 to 2009.

Note that there was a decrease of the population living 
on less than half  the minimum wage per month, as well as a 
decrease in inequality during the study period.

The Figure 3 refers trend of  mortality from colorectal 
cancer by sex in Brazil between 2001-2009.

We can observe a linear increase for both sexes in the 
period analyzed and a mortality rate greater for males. Fi-
nally, Table 1 presents the correlation coefficients between 
socioeconomic indicators and mortality from colorectal 
cancer in Brazil, 2001-2009, seeking to relate the mortality 
rate for colorectal cancer in both men and women, with the 
Gini coefficient, the percentage population living on less than 
half  the minimum wage per month, per capita income and 
ICP per capita through the Pearson correlation coefficient 
(r) and P value.

Thus, we find that the mortality rate for colorectal cancer 
is directly related to the average income per capita and ICP 
per capita and an inverse relationship with the Gini index and 
percentage of population living on less than half  the mini-
mum wage per month, for both sexes. The P value indicates 
that such relationships are statistically significant, with only 
borderline statistical significance compared to the mortality 
rate for CRC in men, and the Gini Index.

By observing the graphs together 1, 2 and 3 we conclude 
that the progressive increase in recent years the mortality 
rate for CRC follows the socioeconomic development of the 
study population, for both sexes.

DISCUSSION

In this study it is possible to note the relationship between 
mortality rate for cancer of the colon and rectum in Brazil, 
over 9 years, and socioeconomic indicators.

The association between socioeconomic status and colon 
cancer was investigated in a prospective cohort study initiated 
in 1986 in the Netherlands among 120,852 men and women 
aged 55-69 years. After 3.3 years of follow-up, 312 incident 
cases of colon cancer were detected: 157 men and 155 women. 
After adjustment for age, we found a positive association 
between the risk of colon cancer and higher education level 
(P trend = 0.13) and social status (P trend = 0.008) for men. 
Only the significant association between social position and 
the risk of colon cancer persisted after further adjustment 
for other risk factors for colon cancer (P = 0.005), but the 
highest risk was found only in the highest social status (RR 
= 2.60, 95% CI 1.31 to 5.14). In women, there were no clear 
associations between indicators of socioeconomic status and 
colorectal cancer(25).

Italian study did combination of  two hospital-based 
case-control studies conducted in six Italian centers between 
1985 and 1996 found that, compared with individuals with 
less than 7 years of  education, the odds ratio for colon 

TABLE 1. Correlation between socioeconomic indicators and CRC mortality rates in Brazil. Brazil, 2001-2009

Rate Sex Statistics Gini Index % who lives with  
<than ½ MW/month

Average income 
per capita

ICP per  
capita

Colorectal Rate

Male
R (Pearson)* -0.303 -0.805 0.787 0.730

P value 0.062 <0.001 <0.001 <0.001

Female
R (Pearson)* -0.329 -0.761 0.712 0.683

P value 0.047 <0.001 <0.001 <0.001
*R (Pearson): Pearson correlation coefficient (r) 
MW = minimun average

FIGURE 2. Poverty and inequalities indicators in Brazil (Gini Index and 
populations with income lower than ½ minimum wage/month). Brazil, 
2001-2009

FIGURE 3. Temporal trend of colorectal mortality rates in Brazil according 
to sex. Brazil,  2001-2009
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cancer of the colon for those with >or= 16 years was 2.45 
(95% CI 1.87 to 3.23) in men and 1.29 (95% CI 0.88 to 
1.90) in women, with significant trends in risk. However, no 
significant association emerged between education and the 
risk of rectal cancer, with an OR of 1.18 (95% CI: 0.83 to 
1.70) and 1.01 (95% CI: 0.61 to 1.67), respectively, for men 
and women in the highest educational category compared 
with the lowest. Social class was also related to risk of colon 
cancer: the OR was 2.30 (95% CI: 1.82 to 2.90) in men and 
1.33 (95% CI: 1.03 to 1.73) in women in the highest versus 
the lowest social class(22).

Note that the increase in TME accompanies the increase 
in average household income per capita of the population. It 
is known that the Brazilian population with higher income 
have different feeding habits of  polluting lower risk for 
CRC. That consume diets high in red meat, processed meat 
and low in fiber, foods, while the low-income population 
consumes more vegetables, grains and fibers, i.e., cheap food 
and healthier.

Controversially, some developed countries in relation 
to socioeconomic status and mortality rates for colorectal 
cancer is reversed. This is because of poor nutrition be prac-
ticed by people of  lower income, while the higher income 
have access to healthier foods. However, when analyzing 
the population of these countries, with their socioeconomic 
inequalities, racial/ethnic differences and uneven distribution 
of health care, it is noted that the incidence of CRC and there-
fore TME also provides an heterogeneous distribution(9, 14).

It is known that poor diet is a strong environmental factor 
for the development of CRC and, in Brazil, this diet low in 
vegetables and high in preservatives is more consumed by 
people of higher socioeconomic status. The opposite occurs 
with the poorest consumers of cheaper and healthy food(10). 
In developed countries food habits also accompany socioeco-
nomic status, allowing access of the population with higher 
purchasing power with higher food costs and more healthy. 
However, U.S. studies have shown that poor populations have 
high mortality rates and shorter survival for CRC. This fact 
is associated with a model of residual protection of health, 
in which the state does not take upon itself  the responsibility 
of ensuring universal health protection. Thus a large portion 
of the population remains uninsured, which makes various 
interventions necessary for early diagnosis and treatment of 
diseases such as CRC.

The relationship between socioeconomic status and 
colon cancer is very well known in the literature. Regional 
differences in mortality rates for colon/rectum have been 
highlighted by different authors, pointing to the contribution 
of cultural and dietary habits, socioeconomic differences and 
lifestyle, for this heterogeneity, and other relevant aspects 
such as access health services, quality of care and hospital 
prevention services(4, 12, 20) as for colon cancer, specifically, 
we found that mortality rates for this cancer are higher in 
the South and southeast and smaller magnitudes of  rates 
were found in the capitals of other Brazilian regions, which 
have lower socioeconomic status and higher concentration 
of  rural areas(6). Schottenfeld and Winawer(18) and Muir 

and Nectoux(19) noted that colon cancer is more common in 
populations most economically developed and which have 
Western living standards. Reis(27), studying the relationship 
between colon cancer and socioeconomic integration in 
the city of São Paulo, noted that the area considered best 
insertion showed the highest rates of mortality due to colon 
cancer, when compared with others, in both sexes, and in 
almost all age groups. This author also found a gradient 
of  increasing the magnitude of  this mortality, statistically 
significant, toward better integration socioeconomic areas.

Many confounding factors may have accounted for the 
observation between income and mortality for colorectal 
cancer. Greater than 75%-95% of  colon cancer occurs in 
people with little or no genetic risk(5, 27). Other risk factors 
include older age, male gender, high intake of  fat, alcohol 
or red meat, obesity, smoking and a lack of  physical exer-
cise(5, 8, 17, 27). Increased socio-economic indicators are most 
likely to be associated with known dietary risk factors such 
as red meat consumption. If  this assumption is correctly 
assumed, it could have influenced only colorectal cancer 
incidence but not necessarily mortality. However, incidence 
data in Brazil are poor and sometimes even do not exist 
for some places or time periods. In fact, colorectal cancer 
mortality is probably related to late stage diagnosis. Instead, 
one could expect that improved socio-economic indicators 
would lead to increased early stage diagnosis and therefore 
decreased mortality.

In American and European context, it is possible to seek 
to relate the performance of screening for colorectal cancer 
to income of  the individual, because different researchers 
have demonstrated the relationship between socioeconomic 
status and access to screening tests, showing the influence of 
various issues, such as age, education, preventive practices 
adopted by physicians, access to medical consultation, race, 
language spoken, etc. In Brazil, this screening is not estab-
lished as a practice population and even individuals from 
more privileged classes do not usually realize it.

Ecological studies on adverse health effects of environ-
mental exposure are increasingly common in the literature. 
In addition to the common drawbacks of  an ecological 
epidemiology approach, important flaws regarding hypothe-
sis formulation and exposure assessment can be observed 
in this study. According to this methodological design, 
ecologic studies are descriptive investigations – and not 
one of the approaches of the analytic epidemiology – that 
have been largely used to explore hypothesis on possible 
epidemiological associations towards the use of  aggregate 
variables. As a whole, what these results seem to suggest 
is that despite inaccurate, the exposure indicator based on 
aggregate information on increasing income and wealthy 
are indeed able to discriminate regional differences in terms 
of pesticide exposure and subsequent health effects. In fact, 
they present the necessary requirements to be used in eco-
logical studies, since a regression to the mean seems not to 
have been introduced in the studied outcome distributions. 
From a public health perspective, it is important to consider 
these variables as proxies from many conditions. The income 
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does not interfere directly on the colorectal cancer, but can 
promote some conditions to decrease the exposure to risk 
factors such as diet (primary prevention) and to establish 
early diagnosis (secondary prevention).

CONCLUSION

The mortality rates for RAC over 9 years in Brazil has 
a strong relationship with the socioeconomic status of the 
population. The present study sought to establish the caus-
al relationship between the increase in average household 
income per capita and mortality rates. It was noted that 
the TME followed from 2001 to 2009 the increase in family 
income. With this, we established a correlation between the 
socioeconomic status of  the population and their living 
habits, which might be protective or risk factors for CRC.

In Brazil, in view of their development and increasing 
the income of  its citizens, screening programs nationwide 

CRC would be of great importance. However, there is a trace 
containing said organized series of interventions, from the 
identification of  the target population to the appropriate 
follow-up of treated cases. There are basically opportunis-
tic screening, treating the patient who somehow came to 
the health service. This delays the diagnosis, which makes 
therapeutic interventions and increases mortality by CRC.

If  on one hand the CRC is one of  the largest types of 
tumors and incidence accelerated in recent years, on the other 
is one of the cancers that most benefits from the strategies of 
primary and secondary prevention. Studies suggest that some 
changes in life habits would be able to prevent 66% to 75% 
of CRC(10). Thus, it is necessary to discuss ways of tracking 
educational establishment of  policies on population(24), at 
least for subjects with higher risk potential for CRC, just as 
today it causes cancer of the cervix, breast and prostate, con-
sidering the emergence and growth trend of this topography 
in the area of oncology.

Guimarães RM, Rocha PGM, Muzi CD, Ramos RS. Incremento de renda e mortalidade por câncer colorretal no Brasil, 2001-2009.  Arq Gastroenterol. 
2013;50(1):64-9

RESUMO – Contexto - Diversos estudos internacionais têm observado uma correlação entre a melhora dos indicadores sociodemográficos e as taxas 
de incidência e mortalidade por câncer de cólon e reto. Objetivo - O objetivo do presente estudo é estimar a correlação entre renda média per capita 
e a taxa de mortalidade por câncer colorretal no Brasil entre 2001 e 2009. Métodos - Obteve-se os dados de desigualdade de renda (índice de Gini), 
população que vive com baixa renda (inferir a ½ salário mínimo/mês), renda média familiar, PIB per capita e taxa de mortalidade por câncer de 
cólon e reto entre 2001 e 2009 através do DATASUS. A análise de tendência foi realizada através do método de regressão linear, e a correlação entre 
as variáveis através do coeficiente de correlação de Pearson. Resultados - Observou-se tendência ao declínio da pobreza e da desigualdade de renda, 
e incremento no PIB per capita e na renda média familiar e na taxa de mortalidade padronizada de câncer de cólon e reto no Brasil. Observou-se, 
ainda, correlação fortemente positiva entre a mortalidade por este sítio de câncer e desigualdade (homens r = -0,30, P = 0,06; mulheres r = -0,33, P 
= 0,05) de renda baixa renda(homens r = -0,80, P<0,001; mulheres r = -0,76, P<0,001), renda média familiar (homens r = 0,79, p = 0,06; mulheres r 
= 0,76, P<0,001) e PIB per capita (homens r = 0,73, P<0,001; mulheres r = 0,68, P<0,001) em todo o período estudado. Conclusão - O incremento 
da renda e a redução da desigualdade podem parcialmente explicar o aumento da ocorrência do câncer de cólon e reto e isso possivelmente se deve 
ao acesso diferenciado a alimentos reconhecidos como fator de risco, como carne vermelha e os ricos em gordura. É importante, portanto, avaliar 
como prioridade dos programas de saúde pública a abordagem nutricional em países de economia intermediária, como é o caso do Brasil.

DESCRITORES – Neoplasias colorretais, mortalidade. Pobreza.
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