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Socioeconomic development and colorectal
cancer mortality in a state of the Brazilian
Legal Amazon from 2005 to 2016
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ABSTRACT: Objective: To analyze the correlation between colorectal cancer (CRC) mortality rates and
socioeconomic factors in the five mesoregions (North, Northeast, Southeast, Southwest and Center-South)
of the state of Mato Grosso, from 2005 to 2016. Methods: Ecological study that considered deaths from CRC
(C18to C21) of residents of the state. Mortality rates were standardized by the direct method, using the world
standard population. For the analysis of socioeconomic factors, the Firjan Municipal Development Index (IFDM)
and its components (education, income and employment and health) were used. Means of mortality rates and
socioeconomic factors between the mesoregions were tested using ANOVA, and Pearson’s correlation coefficient
was used to analyze the correlation between mortality rates due to CRC and these factors. Results: In the
period from 2005 to 2016, 1,492 deaths from CRC were registered in the state of Mato Grosso. The Southwest
mesoregion had the highest average for both the crude rate and standardized CRC mortality rates (3.47 and 3.86
deaths/ 100,000 inhabitants, respectively). There was a significant correlation between mortality rates from the
disease with the following indicators: Overall IFDM for the North, Southeast and Center-South mesoregions;
education for the North and Southeast mesoregions; income and employment for the North and Center-South
mesoregions; and health for the North, Southeast and Center-South mesoregions. Conclusion: There was a
correlation between CRC mortality rates and better socioeconomic development in the state.
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CALO,RS.ETAL.

RESUMO: Objetivo: Analisar a correlagio entre as taxas de mortalidade por cancer colorretal (CCR) e os fatores
socioecondémicos nas cinco mesorregides (norte, nordeste, sudeste, sudoeste e centro-sul) do estado de Mato
Grosso, de 2005 a 2016. Métodos: Estudo ecologico que considerou os 6bitos por CCR (C18 a C21) de residentes
do estado. As taxas de mortalidade foram padronizadas pelo método direto, utilizando-se a populagido padrido
mundial. Para a analise dos fatores socioecondmicos, foram usados o Indice Firjan de Desenvolvimento Municipal
Geral (IFDM) e seus componentes (educagio; renda e emprego; saiide). Foram testadas as médias das taxas de
mortalidade e dos fatores socioecondmicos entre as mesorregides por meio da anélise de varidncia (ANOVA), e
empregou-se o coeficiente de correlacdo de Pearson para analise da correlacio entre as taxas de mortalidade por
CCR e esses fatores. Resultados: No periodo de 2005 a 2016, foram registrados 1.492 6bitos por CCR no estado de
Mato Grosso. A mesorregido com a maior média tanto da taxa bruta quanto da taxa padronizada de mortalidade
por CCR foi a sudoeste (3,47 e 3,86 6bitos/100 mil habitantes). Houve correlagio significante entre as taxas de
mortalidade por CCR com os seguintes indicadores: IFDM geral para as mesorregides norte, sudeste e centro-
sul; educagio para as mesorregides norte e sudeste; renda e emprego para as mesorregides norte e centro-sul; e
satde para as mesorregides norte, sudeste e centro-sul. Conclusdo: Houve correlagdo da taxa de mortalidade de
CCR com melhor desenvolvimento socioeconémico no estado.

Palavras-chave: Mortalidade. Neoplasias colorretais. Fatores socioecondmicos. Correlagio de dados.

INTRODUCTION

In 2012, worldwide estimates showed colorectal cancer (CRC) as the third most common
type of cancer among men, with 746,000 new cases (10% of all cancers), and the second
most common among women, with 614,000 new cases (9.2% of all cancers). For mortality,
694,000 cases were estimated in both sexes (8.5% of total deaths), most of them in coun-
tries with a low human development index, where the prognosis of the disease is poor'.

In Brazil, CRC was the third most frequent cancer in men and the second in women’,
and the fourth in mortality in men and third in women, in 2016 In that same year, of the
federative units belonging to Brazilian Legal Amazon (Acre, Amapa, Amazonas, Maranhao,
Mato Grosso, Para, Rondonia, Roraima and Tocantins)?, Mato Grosso stood out as the first
in CRC'incidence and also in mortality®.

CRC has its origin, in large part, in benign lesions, more precisely in polyps, which are
small raised clumps of cells on the colon and/or rectum wall that grow slowly growth,
taking many years to become malignant*. Therefore, some developed countries have
adopted early polyp screening, resulting in stabilization or decrease in CRC incidence and
mortality. However, in developing countries, such as those in Latin America, these rates
have increased, since socioeconomic status influences the rate of participation in screen-
ing programs™®.

Brazil does not yet have organized tracking for CRC. Screening should be directed at
patients with a family history of the disease or suspected hereditary syndromes, performed
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in a specialized genetics and gastroenterology service, where there is a low offer of colo-
noscopy; patients with suspected cancer are then prioritized’.

CRC is associated with several risk factors, including those related to the socioeconomic
characteristics of the areas®. Mato Grosso is among the 11 states that have a municipal human
development index classified as high (0.725)° and has a gross domestic product (GDP) of
R$ 123.8 billion, occupying the 13th position in the ranking of states with the highest val-
ues in 2016'". It is also ranked 11th in CRC' incidence estimates and 13th in national mor-
tality estimates’.

Knowing that cancer estimates vary between and across countries® and to understand
the behavior of CRC in the state, it is necessary to consider that Mato Grosso has an area
of 906,806.9 km?. This state is one of the largest states in the country and is divided into five
mesoregions, distinct from each other, especially economically", where the Center-South
mesoregion stands out, as it encompasses Cuiaba and Varzea Grande, the two most popu-
lous municipalities in the state.

Thus, the objective of this study was to analyze the correlation between CRC mortal-
ity rates (CRCMRs) and socioeconomic factors in the five mesoregions (North, Northeast,
Southeast, Southwest and Center-South) of the state of Mato Grosso, from 2005 to 2016.

METHODS

We conducted an ecological study of CRCMRs of residents in the mesoregions of Mato
Grosso, from 2005 to 2016. The state is the only one in the Central-West region that makes
up the Legal Amazon. With an area of 5,015,067.75 km?, the region occupies almost 60%
of the Brazilian territory and was created with the objective of defining the geographic
delimitation of the political region that gets tax incentives, with a view to promoting its
regional development (Figure 1)°.

To calculate the CRCMR per year, the ratio between the number of deaths from the
disease and the size of the population of interest was considered. Deaths from CRC were
considered to be those whose underlying cause belonged to Chapter II of the 10th revi-
sion of the International Statistical Classification of Diseases and Related Health Problems
(ICD-10)", identified by the following codes: C18 (colon cancer), C19 (colon cancer), rec-
tosigmoid junction), C20 (rectal cancer) and C21 (anus and anal canal cancer), according to
the José Alencar Gomes da Silva National Cancer Institute (INCA) ¥,

Data on CRC death were provided by the Mato Grosso State Health Department and
are part of the Mortality Information System. Information about the number of inhabi-
tants of the study population was obtained from the Brazilian Institute of Geography and
Statistics, from the demographic census for the year 2010, and from population estimates
for the other years™.

Rates were calculated per 100,000 inhabitants and standardized by the direct method,
using the world standard population provided by the World Health Organization” and
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*Comprising the states of Acre, Amapd, Amazonas, Maranh&o, Mato Grosso, Para, Ronddnia, Roraima and Tocantins®.
Figure 1. State of Mato Grosso in the Brazilian Legal Amazon* and its mesoregions.

modified by Doll et al.’®, which is used by the International Agency for Research on Cancer
and the INCA.

There are five mesoregions in the state: North (55 municipalities), Northeast (25 munic-
ipalities), Southwest (22 municipalities), Center-South (17 municipalities) and Southeast
(22 municipalities) "'.

As a socioeconomic variable, the Firjan Municipal Development Index (IFDM) and its
components were used. The IFDM is a composite indicator that assesses the level of regional
socioeconomic development, using a simple average of the results obtained in each of the
three main areas of human development: income and employment, education and health.
It is based on official public statistics, made available by the Ministries of Labor, Education
and Health. Its values range from 0 to 1, and the closer to 1, the higher the level of devel-
opment of the municipality".

Based on the IFDM result, municipalities can be classified into:

low stage of development: IFDM between 0 and 0.4;

regular stage of development: IFDM between >0.4 and 0.6;
moderate stage of development: IFDM between >0.6 and 0.8;
high stage of development: IFDM between >0.8 and 1.

The overall IFDM and its components were considered separately: education IFDM,
income and employment IFDM and health IFDM.

For each municipality, the CRCMR and the values of IFDM and its components were
obtained for each year of study. These values were then averaged to obtain the total value
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for each municipality. Subsequently, the municipalities were grouped into their correspond-
ing mesoregions, obtaining the average of the indicators for each mesoregion. To describe
these indicators by mesoregion, means, standard deviation and minimum and maximum
values were calculated.

The means of the overall IFDM and its components, as well as the CRCMR of the mesore-
gions, were compared using analysis of variance (ANOVA). The assumptions of normality
and homogeneity of variances were satisfied using the Shapiro-Wilk test and Levene test,
respectively. Subsequently, the post-hoc Bonferroni test was used for multiple comparisons.

To calculate the percent variation of the standardized CRCMR and IFDM and its com-
ponents by mesoregion, the averages were obtained for two periods: from 2005 to 2010 and
from 2011 to 2016.

The correlation between IFDM and its components and the standardized CRCMR was
determined using Pearson’s correlation coefficient (r), and assumption of normality of the
variables was satisfied by the Shapiro-Wilk test. Correlations were considered statistically
significant when p<0.05. Statistical analyses were performed using the Statistical Package
for the Social Sciences (SPSS), version 22.

RESULTS

In the period of 2005 to 2016, 1,492 CRC deaths were recorded in the state of Mato
Grosso, 49.1% in the Center-South mesoregion, 20.2% in the North, 17.2% in the Southeast,
8.4% in the Southwest and 5.1% in the Northeast.

The mesoregion with the highest mean for both the crude rate and the standardized
CRCMR was the Southwest (3.47 and 3.86 deaths/ 100,000 inhabitants, respectively), while
the Northeast mesoregion was the one with the lowest values for these rates (1.27 and 1.53
deaths/100,000 inhabitants, respectively). There was a significant difference between the
crude rates of the Northeast mesoregion and those of the Southeast and Southwest mesore-
gions and between the standardized rates of the Northeast mesoregion and those of the
North and Southwest mesoregions (Table 1).

Regarding socioeconomic indicators, mean overall IFDM ranged from 0.59 (Northeast)
to 0.68 (North). The Northeast mesoregion showed a significant difference in overall IFDM
compared to the North and Southeast. For education, the values showed the smallest
variation between the mesoregions (0.62 for the Northeast and 0.69 for the Southeast),
but there was a significant difference for the Northeast mesoregion compared to the
North, Southwest and Southeast mesoregions. For the health-related indicator, the varia-
tion observed was the highest between the mesoregions (0.59 for the northeast and 0.76
for the north), with a significant difference between the Northeast mesoregion and the
other mesoregions. For the income and employment indicator, the values ranged from
0.52 (Center-South) to 0.60 (North), and there was no significant difference between the
mesoregions (Table 1).
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Table 1. Description of colorectal cancer mortality rates (per 100,000 inhabitants) and the Firjan
Municipal Development Index (IFDM) and its components according to mesoregions of Mato
Grosso, Brazil, from 2005 to 2016.

Mesoregion Northeast Southwest Center-South Southeast

Mean @ Min Mean Min | Mean Min Mean @ Min  Mean @ Min

eleetie (SD)  Max (SD)  Max (SD) Max (SD) Max (SD) = Max
Crude rate 23 0 | 127% 0 347 076 281 0 295 0
(158) 626 (1.48) 460 (215 11.31 (1.83) 7.15  (206) 7.4
Standardized 324+ 0 | 153 0 386 074 28, 0 291 0
rate 236) 852 (1.63) 491 (1.89) 890 (221) 828 (221) 7.4k
a a.b b
FDM overall 0.68° 047 059 042 064 052 0.63 052 0.66° 0.49

(0.07) 086  (0.08) | 0.73 (0.05 0.73 (0.07) 0.78  (0.09) 0.80

0.68*  0.50 @ 0.62**< = 0.46 @ 0.67° 0.54  0.67  0.58 0.69< 0.55

IFDMeducation 050 083  (0.08) 079 (005 075 (0.05 078 (0.06) 079

IFDM income 0.60 | 0.43 0.55 0.43 054 039 052 040 058 @ 0.41
and employment | (0.11) = 0.85 | (0.08) | 0.70 (0.10) 0.77 @ (0.11) 0.80 (0.11) 0.81

0.76*  0.50 @ 0.59>*<¢ 036 0.70° 0.55  0.69 0.48 0.70° 0.34

IFDM health (0.08) 092 (0.11) 079 (0.07) 085 | (0.09) 0.84 (0.13) 0.89

SD: standard deviation; Min: minimum value; Max: maximum value; **<same letters indicate the mesoregions that
showed a difference between their values with p<0.05 (post hoc Bonferroni test).

Figure 2 shows the percent change in the standardized CRCMR and the overall Firjan
index and its components by mesoregion. For mortality rates, the Northeast mesoregion
showed a decrease of 20.5%. However, all the others showed an increase from one period
to the other, and the mesoregion with the greatest change was the North, with an increase
of 83.4 %.

All mesoregions showed an increase in overall IFDM, ranging from 7.9 (Southeast) to
23.3% (Center-South). The education indicator was the one that showed the highest percent
increase, especially for the Northeast (32.1%) and North (30.5%) mesoregions. With regard
to income and employment IFDM, two mesoregions showed a decrease in this indicator:
the Southwest (3.6%) and Southeast (3.4%), and this was the only indicator to show a nega-
tive change. On the other hand, the Center-South mesoregion was the one with the highest
percent increase, 15.6%. Considering the health indicator, two mesoregions showed stable
values (0% change), Northeast and Southeast, while the Center-South region had the high-
est percent increase (15.5%) (Figure 2).

For overall IFDM, the northeast mesoregion was the only one to have some of its
municipalities with a low level of development (4% of its municipalities), while the North
mesoregion was the only one to have municipalities with a high level of development (1.8%).
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IFDM: Firjan Municipal Development Index.
Figure 2. Percentage variation in colorectal cancer mortality rate and socioeconomic indicators

in the mesoregions of the state of Mato Grosso, Brazil, comparing the periods of 2005 to 2010
and 2011 to 2016.

The most frequent level for this indicator was regular. For education, the municipalities of
all the mesoregions exhibited a regular or moderate level of development, and the most
frequent was moderate, with the exception of the Northeast mesoregion, where most of
its municipalities had a regular level (64%) (Figure 3).

Considering income and employment, this was the component with the highest percent-
age of low development level — all mesoregions had at least 7.3% of their municipalities
showing this. Only the northern region had a high level (1.8% of its municipalities), but for
all the mesoregions the most frequent level was regular. Finally, the health indicator had
the highest percentages for the high level: 18.2% for the Southeast mesoregion and 16.4%
for the North. On the other hand, the Northeast mesoregion showed 8% of its municipali-
ties at the low level, and the Southeast with 4.5%. For this indicator, besides the Northeast
mesoregion, all others had most of their municipalities classified as having a moderate level
of development (Figure 3).

Table 2 shows the results of correlations between standardized CRCMR and socioeco-
nomic indicators. The North mesoregion showed a positive and statistically significant cor-
relation for all these indicators, while the Southeast showed a correlation for overall IFDM
and education and health IFDM and the Center-South for overall IFDM and health and
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Figure 3. Firjan Municipal Development Index (IFDM) and its components, according to the
mesoregions of Mato Grosso, Brazil, from 2005 to 2016.

Table 2. Correlation between adjusted mortality rates and socioeconomic indicators according
to mesoregions of Mato Grosso, Brazil, from 2005 to 2016.

Mesoregion

IFDM overall | IFDM education IFDM income and employment IFDM health
North 0.14* 0.13* 0.08* 0.12*
Northeast 0.07 0.08 0.00 0.08
Southeast 0.20* 0.14* 0.11 0.19*
Southwest 0.01 0.01 0.10 0.02
Center-South 0.25* 0.04 0.19* 0.32*

IFDM: Firjan Municipal Development Index; *p<0.05.
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income and employment IFDMs. There was no significant correlation for the Northeast
and Southwest mesoregions (Table 2).

DISCUSSION

The results of this study showed that there was an increase in mortality rates in the
period from 2005 to 2016 for four of the five mesoregions and an improvement in socioeco-
nomic indicators, with the exception of the values for the income and employment indica-
tor for the Southeast and Southwest mesoregions. In general, the mesoregions displayed
more discrepant values between themselves for the health indicator and more similar val-
ues for the education indicator. For overall IFDM and education and health indicator, most
municipalities had a moderate level of development, and for the income and employment
indicator, a regular level. This was also the indicator for which the mesoregions showed the
worst levels of development, while education demonstrated the best ratings. The North,
Southeast and Center-South mesoregions showed a positive and statistically significant cor-
relation with socioeconomic indicators.

The Northeast mesoregion had the lowest mortality rates, as well as a reduction in the
standardized rate, and despite exhibiting an increase in values for overall, education and
income and employment IFDMs, its values were the lowest for overall and education and
health IFDMs. It was also the one that had the worst ratings for these indicators; however,
its rates did not show a correlation with the socioeconomic indicators.

This result is in opposition to what has been found in the literature, in which low socio-
economic development and low levels of schooling and literacy have been associated with
an increased risk of developing CRC".

The Northeast mesoregion does not have a high-complexity care unit (UNACOM)",
and lower established medical capacity, together with lower human development, is asso-
ciated with worse treatment results, having an impact on deaths®. The low rates shown by
this mesoregion compared to other wealthier ones, may be a consequence of the under-
reporting of cases.

The North mesoregion, even with the highest means for overall and health IFDMs,
showed an increase in socioeconomic indicators and better ratings for overall, health and
income and employment IFDMs. It also had the second highest standardized rate of the
disease, the highest increase between the periods analyzed, in addition to being the only
one to show a positive and significant correlation between standardized rates and all socio-
economic indicators.

This mesoregion is the wealthiest compared to the others and had five municipalities
(Campos de Jalio, Santa Rita do Trivelato, Nova Ubirat3, Sapezal and Diamantino) that
were among the 50 with the highest GDP per capita in the country in 2016*. In addition,
six of the top ten municipalities that make up the state’s overall IFDM ranking are from
this region®.
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In 2013, the National Policy for Cancer Prevention and Control was instituted in the
Health Care Network for People with Chronic Diseases within the scope of the Unified
Health System (SUS), in which cancer care should be given in a regionalized and decen-
tralized way, expanding the spectrum of access”. The North mesoregion, even contain-
ing a single UNACOM and also suffering from the effects of the established policy, does
not explain an 83.4% increase in mortality rates, suggesting that there may be other fac-
tors contributing to this increase in addition to those evaluated here, such as the use of
and exposure to pesticides, since most of its municipalities have an economy based on
agribusiness'*?'.

The Center-South mesoregion had the highest crude rate and also increased the standard-
ized rate and all socioeconomic indicators, especially health-related. In addition, the correla-
tion was positive and significant between its standardized rate and the overall, income and
employment and health IFDMs. It should be added that the Center-South mesoregion, in
addition to being the most populous, also has a high GDP*. Considering that this mesore-
gion has three UNACOM?", which allows for more options for accessing the oncology ser-
vice, lower CRC mortality would be expected.

The Southeast mesoregion also showed an increase in mortality rates and in over-
all and education IFDM indicators, but a reduction in income and employment IFDM.
It also showed a significant correlation between their rates and overall, education and
health IFDMs.

Finally, the southwest mesoregion had the highest standardized CRCMR, and despite
having shown a reduction in values for income and employment, it showed an increase for
the standardized rates and for overall, education and health IFDM indicators. It also had
the second-best ranking of the level of development of its municipalities, but there was no
correlation between its mortality rates and socioeconomic indicators. Most municipalities
in this mesoregion do not have a Support Center for the Family Health Team or UNACOM,
although the mesoregion provides some cancer care services, such as imaging, cytopatho-
logical, blood and biopsy examinations".

It appears from the results of the mesoregions that better socioeconomic development
would be associated with higher CRC mortality rates in these mesoregions. In the case of
the North, Center-South and Southeast regions, this may suggest a deficit in the distribu-
tion of their wealth, resulting in social inequality, since the socioeconomic group to which
the individual belongs influences the early detection of CRC, the rate of lesions found and,
consequently, their mortality>*. In addition, the mesoregion has an extensive area, which
can make access to health services difficult, delaying early diagnosis and treatment.

A study by Ribeiro and Nardocci® that investigated associations between socioeconomic
status and incidence and mortality from cancer and its types, through a review of 32 eco-
logical studies, found a positive and consistent association of the socioeconomic level of the
living area with CRC mortality for both men and women. The authors argue that factors
such as high consumption of red meat and fats, low consumption of fruits and vegetables,
physical inactivity, obesity and alcohol consumption have been identified as the main risk
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factors for this cancer and that the differential and dynamic prevalence of these factors by
classes could explain, in part, these gradients.

Data from the National Health Survey showed that the prevalence of overweight in the
population of Mato Grosso, for example, was 59.8% and that of obesity was 24.4%, being
the fifth state to have the highest prevalence of some degree of overweight®.

A similar result was found in the study by Guimar3aes et al.”’, who estimated the correla-
tion between the average per capita income and the CRCMR in Brazil between 2001 and
2009. There was a reduction in the trend of poverty and inequality in income and growth
of GDP per capita, family income and standardized CRCMR in Brazil. According to the
authors, the increase in income and the reduction in inequality may explain, in part, the
increase in the occurrence of CRC, possibly due to the differentiated access to foods recog-
nized as risk factors for the occurrence of the disease, such as red meat with high fat con-
tent, and therefore, it is important to assess the priorities of public health programs focused
on nutrition in countries with intermediate economies, such as Brazil.

Brazil has experienced, in recent decades, remarkable and complex socioeconomic trans-
formations, but they have not occurred uniformly in the country, not even in the states them-
selves and in their mesoregions. One of the possible explanations for the increase in the
incidence of CRC, and the consequent increase in mortality from the disease, especially in
places that showed greater reductions in socioeconomic inequality, are the different demo-
graphic, epidemiological and nutritional stages in which these regions are found®.

The indicator used here, IFDM, is a reference for monitoring Brazilian socioeconomic
development, with a methodology that makes it possible to determine whether the relative
improvement that occurred in a given municipality was due to the adoption of public poli-
cies, or if the result obtained was just a reflection of the decline of the other municipalities.
Its results, over the years, have shown that the last decade was marked by the development
of the Central-West region, which more than doubled its participation among the 500 most
developed municipalities in the country".

The findings of this study must be analyzed with caution, considering that they were
generated on the basis of secondary data, which present problems related to the coverage
and quality of the recorded data. However, it should be noted that mortality data in Brazil
are those that show the greatest increase in coverage in recent years, having one of the high-
est coverages of the information systems today®.

Ecological studies can, in particular, assess how the social and environmental contexts
affect the health of population groups, whose measurements collected at the individual level
are unable to adequately reflect the processes that occur at the collective level®.

The present study contributed to our understanding of the distribution of CRC mor-
tality in the mesoregions of the state of Mato Grosso, as well as to identifying the positive
correlation of the disease with indicators related to socioeconomic development. In etio-
logical investigations, approaches with an individual focus or with aggregated data should
be complementary, to make it possible to highlight the different aspects of the health-dis-
ease process, contributing to a better understanding of the multiple factors that modify the
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cancer distribution profile among the different socioeconomic strata, supporting public pol-
icies aimed at fighting the disease.
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