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Abstract

Background Colorectal cancer (CRC) is the third most common malignancy and the second leading cause of cancer-related
death in the world. The aim of this study was to investigate the geographic distribution and time trends of CRC in Brazil.
Methods Data were retrospectively retrieved from January 2005 to December 2018 from the Brazilian Public Health System.
The incidence and lethality rates of CRC per 100,000 inhabitants in each municipality were estimated from hospitalizations
and in-hospital deaths and were classified by age, sex, and demographic features.

Results During the study period, the mean incidence of CRC estimated from hospitalizations and adjusted to available hos-
pital beds more than tripled from 14.6 to 51.4 per 100,000 inhabitants (352%). Increases in CRC incidence were detected in
all age ranges, particularly among people aged 50-69 years (266%). Incidence rates increased in all 5 macroregions, with a
clear South to North gradient. The greatest changes in incidence and lethality rates were registered in small-sized municipali-
ties. CRC lethality estimated from in-hospital deaths decreased similarly in both sexes, from 12 to 8% for males and females,
from 2005 to 2018. The decline in lethality rates was seen in all age ranges, mainly in people aged 50 to 69 years (—38%).
Conclusions CRC incidence is increasing, predominantly above fifty years of age, and also in areas previously considered as
having low incidence, but the increase is not paralleled by lethality rates. This suggests recent improvements in CRC screen-
ing programs and treatment, but also supports the spread of environmental risk factors throughout the country.

Keywords Colorectal cancer - Geographic distribution - Ecological study - Hospitalization rates - Lethality rates - Time
trend analysis

Abbreviations Introduction

CRC Colorectal cancer

MR  Metropolitan region Colorectal cancer (CRC) has been considered an emerging
HDI Human development index disease of this century, representing the third most com-

monly diagnosed malignancy in males and the second most
commonly diagnosed malignancy in females [1]. Neverthe-
less, the overall CRC frequency presents broad variations
among countries and geographic regions, but usually the
highest incidence rates are reported in the more developed
countries [2, 3].

Data from different studies have supported a relation-
ship between the human development index (HDI), which
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dence has been rising consistently in people under the age
of 50 over the last 20 years in Canada and the USA [8, 9].
Moreover, recent studies indicate that CRC incidence rates
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are rising rapidly in developing countries, particularly in
Eastern Europe, Asia, and South America, where mortality
rates tend to be proportionally higher [10, 11]. This has been
attributed to the low availability of screening tests for CRC
in less developed countries [12, 13].

The global rise in CRC incidence has been mainly associ-
ated with exposure to environmental risk factors, including
changes referred to as westernization of the lifestyle. Such
lifestyle modifications are usually associated with indus-
trialization and economic development and are inexorably
followed by changes in dietary patterns, including higher
consumption of sugars, refined grains, animal fats, processed
food, and a low supply of vegetables [14, 15]. In addition
to dietary changes, overweight and obesity have been asso-
ciated with an increased risk for CRC [16, 17]. Typical
changes progressively seen in modern societies have also
been associated with an increase in CRC, including type 2
diabetes [18], sedentarism [19], smoking [20], and alcohol
consumption [21].

Regarding mortality, there has been a reduction in cancer-
related deaths in Western Europe and North America during
the last decade [22]. In particular, death rates from CRC
have declined progressively since the mid-1980s in the USA,
Australia, and the UK [23]. Screening strategies can defini-
tively have collaborated to improve such favorable outcomes
by detecting and removing colonic polyps as well as allow-
ing the detection of CRC in early stages [24].

CRC occurs predominantly in a sporadic fashion, with
an overall less than ten percent of cases being attributed to
well-established cancer-related genes [25]. Hence, further
investigation on pathogenic mechanisms including the epige-
netic changes [26] and genomic instability [27], and a better
understanding of the epidemiology of CRC might help in
the elucidation of potential causes and risk factors and may
become the foundation for novel preventive policies. There-
fore, the aim of this study was to analyze the geographic
distribution and time trends of CRC incidence and lethality
in Brazil, hopefully providing clues to the identification of
areas with differential risks and outcomes of CRC.

Methods
Data Source

Data were retrospectively retrieved from the Health Infor-
matics Department of the Brazilian Ministry of Health
(DATASUS) (http://www?2.datasus.gov.br/DATASUS)
with regard to hospital registries of patients whose diagno-
ses were included using the International Statistical Clas-
sification of Diseases and Related Health Problems, Tenth
Revision code of CRC (ICD 10 cod: C18; C18.0 to C18.9;
C19; and C20), from January 2005 to December 2018. The

C18.1 code was excluded because it is not representative of
adenocarcinoma of the colon. DATASUS is a population-
based health and disease registry that includes hospitaliza-
tion information (admission and discharge data, medical
procedures and in-hospital mortality). As DATASUS cov-
ers approximately the entire population, we assumed that
hospital-based procedures for either CRC diagnosis or treat-
ment would reflect the actual disease numbers in the coun-
try. Accordingly, CRC incidence and lethality rates were
estimated from hospital discharge records. Information on
colonoscopies from both outpatients and hospital procedures
was also obtained from DATASUS registries.

Complementary data were obtained from VIGITEL
(National System of Surveillance of Chronic Diseases) to
access information on general health conditions of the popu-
lation, such as overweight, obesity, diabetes, and smoking
[28, 29]. All data are anonymously archived; hence, ethical
approval was not required.

Study Design, Populations, and Variables

Similar to previous studies from our group [30, 31], we
performed an ecological study based on DATASUS CRC
registries in Brazil from January 2005 to December 2018.
Ecological studies allow temporal and geographic analyses
of risk factors, health status, and development of diseases
in a given population. The period of the study refers to the
most recent and consistent data available.

Data included age- and sex-standardized rates of admis-
sions and lethality, as well as the municipality (town) of
residence at the time of hospital admission. Incidence (rate
of new hospital admissions for CRC) and lethality (intrahos-
pital deaths caused by CRC) were estimated from hospitali-
zation records. Age groups were stratified as 20 to 49 years,
50 to 69 years, and 70 years or older.

Geographic distribution resulted from the analysis of
CRC hospitalization rates per 100,000 inhabitants in each
5568 Brazilian municipalities, gathered in 5 macroregions
(North, Northeast, Central West, Southeast, and South). The
results of this exploratory data analysis were included in a
platform to plot maps depicting the estimates and distribu-
tion of CRC in the country.

Statistical Analyses

CRC hospitalization rates were adjusted to the totality of
available hospital beds in Brazil during the study period.
Estimates of the resident population were obtained from
the Brazilian Institute of Geography and Statistics (IBGE;
Instituto Brasileiro de Geografia e Estatistica) [32]. The
IBGE is the official governmental agency responsible for
the collection of statistical, geographic, and environmental
information.
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Exploratory procedures with a quantitative approach
were applied to the data using IBM SPSS software for
Windows (version 20; SPSS Inc., Chicago, IL, USA) for
the statistical and temporal trends analysis.

Descriptive summary statistics and graphical displays
were generated by Tabwin3.2 (Tab for Windows 3.2, free
software), which allowed organization of multiple appli-
cations into grouped tabs available at http://www?2.datas
us.gov.br/DATASUS. Linear regression was applied to
evaluate temporal trends in CRC incidence and lethality
by sex and age range using Excel software (Microsoft
Excel for Mac 2011, version 14.4.9, 2010; Microsoft
Corp, Redmond, Wash).

Results
Hospitalizations for Colorectal Cancer

The incidence of CRC in Brazil (estimated from hospitali-
zations and adjusted to available hospital beds) more than
tripled (+352%), from 14.6 per 100,000 inhabitants in 2005
to 51.4 per 100,000 inhabitants in 2018. There were 20,389
CRC hospitalizations recorded in DATASUS registries in
2005 and 74,013 in 2018. The CRC-adjusted incidence
increased from 14.4 per 100,000 inhabitants in 2005 to 53.1
per 100,000 inhabitants in 2018 in males and from 14.9 in
2005 to 49.6 in 2018 in females. Incidence rates by sex were
similar over the 14-year period. The male/female incidence
ratios were 0.96 in 2005 and 1.07 in 2018, which represented
increases in incidence of 368.7% in males and 332.8% in
females, respectively (Fig. 1A).
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Steady increases in the estimated incidence of CRC were
observed for all age ranges analyzed. During the study
period, the rates of hospitalizations were lower among peo-
ple aged 20 to 49 years (7.8 and 8.9 per 100,000 inhabitants
for males and females in 2005, respectively), intermedi-
ate for those aged 50-69 years (52.2 and 46.7 per 100,000
inhabitants for males and females in 2005, respectively), and
much higher for those 70 years or older (101.7 and 84 per
100,000 inhabitants for males and females in 2005). The
rates of hospitalizations in 2018 were higher than those in
2005 in all age ranges: 19.5 for males and 22.2 for females
aged 20 to 49 years; 167.7 for males and 139.6 for females
aged 5069 years; and 277.2 for males and 184.6 for females
aged 70 years or over (Fig. 2). In particular, people aged
50-69 years showed the greatest difference between 2005
and 2018 (+266%) (Table 1).

Lethality Rates from Colorectal Cancer

CRC lethality estimated from in-hospital deaths decreased
similarly in both sexes, from 12% in 2005 to 8% for males

Table 1 Age-adjusted colorectal cancer estimated incidence and
lethality rates in Brazil and corresponding changes in rates from 2005
t0 2018

Age (years) 2005 2018 Changes
1n rates

(%)
Hospitalizations 2049 6.5 20.9 221
(per 100,000) 5069 417 1528 266
>70 7117 2234 188
Lethality (%) 20-49 7.0 5.7 -19
50-69 11.0 6.8 -38
>70 18.0 12.3 -32

and females in 2018 (Fig. 1B). According to age, we
observed a decline in lethality in all age ranges, mainly in
people aged 50 to 69 years (-38%) (Fig. 3).
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Fig.3 Age-stratified colorectal
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Geographic Distribution of Colorectal Cancer

Brazil, a continental country, shows relevant geographic,
economic, and social disparities. Taking this into account,
CRC rates were analyzed in the 5 Brazilian macroregions
(North, Northeast, Central-west, Southeast, and South).
Rates were also reviewed on the basis of demographic and
commuting patterns of municipalities. A model that classi-
fies municipalities considering the population, demographic
density, and relation to metropolitan regions was used in
this study, similar to other previous ecological studies by
our group. 2#2326 Although the rise occurred in all 5 mac-
roregions, the CRC distribution was clearly different in each
region, and the estimated incidence uncovered a remark-
able South to North gradient. The South and Southeast, the
most industrialized and economically developed regions,
displayed the highest CRC incidence rates. The lowest rates
were registered in the North region. Changes in estimated
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incidence rates were much higher in the South (+397%)
and Northeast (+318%). In contrast to incidence, nationwide
lethality decreased from 11.7% (in 2005) to 8% (in 2018).
The greatest decrease in lethality was observed in the North
(-79%) and the South (-55%) (Table 2).

Considering urban and rural demographic data, the great-
est changes in incidence and lethality rates were registered
in small-sized municipalities. In small-sized municipalities
integrated into metropolitan regions (MRs), the CRC inci-
dence rate increased 490%, and in municipalities not inte-
grated into MRs, the CRC incidence rate increased 407%
between 2005 and 2018. The greatest decline in lethality
rates was observed in small-sized municipalities. However,
the declines in lethality observed in small-sized munici-
palities were quite similar whether integrated (-46%) or not
(-44%) to MR (Table 3).

Standardization defined 3 ranges for hospitalization rates
(<5/100.000, 5-15/100.000 and > 15/100.000 inhabitants).
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Table 2 Colorectal cancer estimated incidence and lethality rates according to Brazilian geographic regions

Region Adjusted admis-  Adjusted admis- Changes in admission rates Estimated Estimated Changes in lethality
sion rates 2005 sion rates 2018 from 2005 to 2018 (%) lethality 2005 lethality 2018 from 2005 to 2018

(%) (%) (%)

Brazil (total) 14.7 51.3 249 11.7 8.0 -32

North 5.8 11.3 93 55.6 11.6 =79

Northeast 6.1 25.7 318 12.4 8.4 -32

Central West ~ 14.4 37.3 159 9.3 8.4 -10

Southeast 19.7 57.8 194 12.3 9.4 -23

South 22.8 1132 397 12.2 5.5 =55

Admission rates per 100,000 inhabitants and adjusted by the number of available beds

Table 3 Changes in colorectal
cancer-adjusted admission rate
and lethality from 2005 to 2018
according to urban and rural

Municipalities

Changes in adjusted admission rates from Changes in lethality

demographic data

2005 to 2018 (%) from 2005 to 2018
(%)
Integrated into MR 173 -23
Small-sized 490 —46
Medium-sized 418 -38
Large-sized 165 —15
Not integrated into MR 303 —40
Small-sized 407 —44
Medium-sized 284 -33
Large-sized 258 -33

MR metropolitan regions

We considered 4 ranges for lethality rates: <25%, 25-49%,
50-75%, and > 75%. Hospitalization (Fig. 4A) and lethality
rates (Fig. 4B) of all municipalities in 2005 and 2018 were
plotted in maps.

Associations of Colorectal Cancer with Other Health
Disorders and Colonoscopy Availability

The analysis of data originating from the DATASUS and
VIGITEL databases allowed the identification of changes in
colonoscopy availability offered by the health system and of
the prevalence of other potentially relevant health conditions
of the population evolving in parallel with CRC during the
study period.

According to DATASUS-based outpatients and hospital
procedures, the rise in CRC estimated incidence was accom-
panied by a consistent rise in the availability of colonos-
copies. A clear South to North gradient was also detected
in relation to the number of colonoscopies offered for the
population (Supplementary Fig. 2).

In parallel with the analysis from the DATASUS-derived
data, in approximately the same period of time, we ana-
lyzed data obtained from the VIGITEL system and noted
increases in the rates of overweight and obesity (as defined

by the World Health Organization (https://www.who.int)
and diabetes in all regions of the country (Supplementary
Fig. 3A, B, C). However, a decrease in smoking rates was
noted in all macroregions, with the lowest decrease in the
South (-34%) and the highest in the North (-51%) (Supple-
mentary Fig. 3D).

Discussion

The results of the present study indicate that the estimated
incidence of CRC has increased, while the lethality rate has
decreased from 2005 to 2018 in Brazil. No clear sex propen-
sity was observed in this study, but as in other countries, the
frequency of CRC in our study was higher in older people.
Socioeconomic status may play a role in this finding since
differences in life expectancy can be associated with more
years of exposure to risk factors for CRC. Our age-stratified
analysis showed that the CRC estimated incidence rates were
higher for those aged seventy and above, intermediate for
people from 50 to 69, and lower for those under 49 years
old. Older people are more likely to be exposed to and accu-
mulate environmental and lifestyle risk factors. Moreover,
developing countries are dealing with a rapidly growing
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Fig.4 Geographic distribution
of colorectal cancer in Brazil in
2005 and 2018, according to the
municipal hospitalization rates
per 100,000 inhabitants (A)

and rates of in-hospital deaths
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aging population. Brazil has the sixth largest population of
elderly people in the world, with an estimate of more than 60
million seniors by 2050 [33]. Nevertheless, the greatest per-
centage difference in estimated incidence from 2005 to 2018
was observed in the age range from 50 to 69 years. Although
screening can detect and remove precursor lesions of CRC,
the implementation of screening programs needs consider-
able resources and the coordination of public policies. High-
income nations have published society guidelines that rec-
ommend anticipation of CRC screening, as CRC rates have
steadily increased in people younger than 50 years [34, 35].
In particular, the increase in CRC rates among people under
50 years of age in Brazil was higher than that among people
70 years or older. This may not only result from health poli-
cies but also reflect changes in lifestyle and dietary habits.
Although the distribution of CRC varies largely across
world regions, incidence rates up to threefold higher have
been reported in high and very high Human Develop-
ment Index (HDI) settings [36]. The increase in CRC inci-
dence rates observed in this study is in accordance with

@ Springer

international data showing different gradients of CRC across
distinct HDIs, as well as in countries in transition, displaying
an upward trend in CRC incidence [37]. In agreement with
other previous studies of gastrointestinal cancer in Brazil
[30, 31], the highest rates of CRC were also observed in
the South and Southeast, the more developed regions, con-
centrating more than 60% of the Brazilian gross domestic
product (GDP) [38].

Studies suggesting the association between the HDI and
CRC incidence and lethality rates also indicate a relation-
ship with access to health services favoring early diagnosis
[4, 37]. The wide diversity in economic and social support
can significantly affect access to health services and, as a
consequence, early detection and the resection of CRC pre-
malignant conditions, such as colorectal polyps [39, 40].
This information is also probably related to the progressive
availability of colonoscopies all over the country, which is
proportionally greater in the Southeast and South regions.
Although qualified health services tend to increase more
rapidly in the more developed areas maintaining regional
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inequality, this study showed that the increase in CRC in
the Northeast region, in which the number of colonoscopies
and the HDI are lower than in the South, Southeast, and
Central-west, ranked second in the country. Despite all the
socioeconomic disparities within the country, the Northeast
GDP increased 3% in recent years, more than triple of the
average of the country [38, 41]. In addition, from 2010 to
2017, improvements in the HDI were recorded in 6 of the
9 northeastern federal units, currently classified as highly
developed states [41, 42]. Moreover, the Northeast regis-
tered the same rate of decrease in CRC lethality as the Bra-
zilian average in the period (-32%), reinforcing the idea of
improvements in quality and access to health services.

Modifiable factors usually related to socioeconomic dis-
parities, including physical inactivity, a high-fat diet, smok-
ing, and obesity, may increase the risk of developing CRC.
For example, overweight and obesity have been consistently
associated with an increased risk for CRC [16, 17]. Type 2
diabetes is also regarded as an independent risk factor for
CRC [18, 43]. The results of this study showing a temporal
association of the rise of CRC in parallel with overweight,
obesity, and diabetes in the Brazilian population appear to
corroborate previous epidemiological associations elsewhere
and to characterize the progressive “westernization” of the
country. In fact, ongoing changes in lifestyle and dietary
habits with a shift from a fiber-rich diet based on grains
and vegetables to a high-calorie diet [44] may underlie the
notable recent increases in overweight, obesity, and diabe-
tes and probably also of CRC in Brazil. Both the general
trend of CRC increase and the regional differences observed
appear to be in agreement with the dietary changes within
the country. Nevertheless, as the development of CRC is
usually positively associated with the regular consumption
of red and processed meat [45] and counterbalanced by fiber
ingestion [46], this may again corroborate the South to North
gradient, as red meat and derivatives are traditionally more
commonly consumed in the South, while vegetables and
natural products still predominate in the North.

Regarding smoking, another well-recognized risk factor
for CRC [20], although this study showed marked reduc-
tions in all 5 macroregions, it appears that the decrease is
less pronounced in the South, similar to previous studies
[47]. Such a difference could explain, at least in part, the
higher rates of CRC in the South, even when compared to
the Southeast, uncovering particular regional characteristics
of both metropolitan and rural southern areas. In fact, the
South has 98% of the country’s tobacco [48], and some of
the largest metropolises with the highest smoking frequen-
cies [47]. Although smoking in Brazil has dropped steadily
in the last 20 years, an urban—rural gradient in tobacco con-
sumption is still present in the country [49].

The reduction in the lethality rate due to CRC observed
in all macroregions and in both sexes shown in this study is

in contrast to previous data supporting unfavorable trends
for the near future [50]. Our results appear to indicate that
despite great inequalities and varying medical resources,
Brazil has shown improvements in some areas of health
care, achieving numbers comparable to reports from more
developed European countries [51]. As the prognosis and
lethality of CRC are directly influenced by early detection,
advanced surgical techniques, and adjuvant therapies, access
to proper health care is of paramount importance for the
outcome of CRC management [4, 6]. This may also help
to explain the regional differences and dynamic changes
detected in this study. Although a clear South to North gradi-
ent reflects the predominant CRC distribution in the country,
socioeconomic improvements may have been particularly
relevant in the North and Northeast regions, where lethality
rates decreased proportionally more than in the Central-west
and Southeast regions. However, socioeconomic improve-
ments cannot explain the greater rise in CRC incidence in
the Northeast than in the North. In fact, the continental
dimension and heterogeneity of the country, with its marked
geographic regions and variably distributed population and
socioeconomic developmental levels, create a dynamic and
complex scenario, which renders data difficult to interpret
accurately in a single study.

Interestingly, the CRC incidence and lethality rates in
light of geographic distribution considering municipalities’
characteristics showed different trends compared to other
gastrointestinal cancers, reported in similar ecological stud-
ies performed by our group [30] [31]. In the present study,
the greatest changes in admission rates for CRC occurred in
small-sized municipalities associated or not with metropoli-
tan regions. Regarding lethality, small-sized municipalities
also ranked first in reduction rates throughout the period.
Several factors should be analyzed in an attempt to explain
such differences. Improvements in socioeconomic indicators
[52, 53] and a growing urbanization process [54] observed
all over the course might have positively affected the health
system in general, including in municipalities not integrated
into MRs. This would probably include better access to
health services and the availability of medical diagnostic
and treatment units, allowing an earlier diagnosis and proper
CRC treatment.

The Brazilian public healthcare system covers roughly
more than three-fourths of the population, who rely exclu-
sively on the SUS for health services, distributed through-
out the country offering medical consultation and comple-
mentary diagnostic methods [55]. This could explain the
lower lethality rates and the higher incidence of CRC, prob-
ably related to improvements in the diagnostic capacity, in
small-sized municipalities even when not associated with
metropolitan regions. The greater proportional increase
in CRC incidence observed in small-sized municipalities
also suggests that societal changes and other important
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environmental risk factors might have been disseminated in
the whole country before this study period.

Although the findings of this study provide new insights
into CRC geographic distribution and time trends in Bra-
zil, several limitations need to be addressed. First, despite
the large amount of data covering the entire country, the
database does not contain information on disease staging,
comorbidities or therapy. Moreover, the analysis based on
hospitalization records does not consider outpatients who
had not been submitted to medical procedures or hospital
admissions. It is also important to call attention to differ-
ences in the availability and quality of health care in less
developed regions of the country, which may result in poten-
tial discrepancies in the available data. Another potentially
controversial issue refers to the concept of municipality. In
fact, in addition to geographic heterogeneities, Brazilian cit-
ies present substantial dissimilarities concerning population
densities, but would be regarded as municipalities of the
same level in the database. However, the limitations and the
possibility of an ecological fallacy [56] have been greatly
attenuated in this study due to the clarity and straightfor-
wardness of the data entered in a single electronic database.
Most importantly, the use of municipalities might compen-
sate for potential underreporting or imperfection of the reg-
istry, since the system contains official data enclosing the
entire country in its minimal administrative units.

In conclusion, similar to other countries, the incidence of
CRC is rising in Brazil, particularly in the population above
fifty years of age. Higher rates in the South and Southeast
regions may reflect the better quality of diagnosis but also
the presence of major environmental factors attributable
to a progressively more “westernized” lifestyle. Moreover,
geographic shifts in the incidence from the South toward
the Northeast and from urbanized to rural areas appear to
support the notion of ongoing dynamic changes within the
socioeconomic environment, including in less developed
regions. Decreasing lethality rates in the context of a consist-
ent rise in the estimated incidence of CRC suggest a success-
ful decentralization process and improvements in the qual-
ity of public health services during the study period. These
observations may also suggest better access to health care
beyond the limits of the great Brazilian metropolises related
to the current urban phenomenon that affects contemporary
cities, such as the increased availability of transportation
systems providing mobility for people to travel to central
towns to access their services, including healthcare units.
Understanding the current patterns of CRC and its evolution
in Brazil is critical for the implementation of more efficient
health policies to direct future actions for both prevention
and care.
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