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Abstract 
AIM: To investigate the geographic distributions and 
time trends of gastric cancer (GC) incidence and mor-
tality in Brazil.

METHODS: An ecological study of the DATASUS regis-
try was conducted by identifying hospitalizations for GC 
between January 2005 and December 2010. The data 
included information on the gender, age, and town of 
residence at the time of hospital admission and death.

RESULTS: The GC rates, adjusted according to avail-
able hospital beds, decreased from 13.8 per 100000 
in 2005 to 12.7 per 100000 in 2010. The GC rates de-
creased more among the younger age groups, in which 
the male-to-female difference also decreased in com-
parison to the older age groups. Although the lethality 
rates tended to increase with age, young patients were 
proportionally more affected. The spatial GC distribu-
tion showed that the rates were higher in the south 
and southeast. However, while the rates decreased 
in the central-west and south, they increased in the 
northern regions. A geographic analysis showed higher 
rates of GC in more urbanized areas, with a coast-to-
inland gradient. Geographically, GC lethality overlapped 
greatly with the hospital admission rates.

CONCLUSION: The results of this study support the 
hypothesis of a critical role for environmental factors in 
GC pathogenesis. The declining rates in young patients, 
particularly males, suggest a relatively recent decrease 
in the exposure to risk factors associated with GC. The 
spatial distribution of GC indicates an ongoing dynamic 
change within the Brazilian environment. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Declining rates in young patients and changes 
in the geographic distribution of gastric cancer suggest 
a recent decrease in the exposure to risk factors within 
the Brazilian environment.
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INTRODUCTION
Gastric cancer (GC) is among the most common can-
cers worldwide and is estimated to be the second-leading 
cause of  cancer-related death[1]. At the time of  diagnosis, 
most patients already present with late-stage disease, 
resulting in an overall low survival rate[1,2]. Although the 
mechanisms that underlie gastric carcinogenesis develop-
ment are not completely understood, GC likely results 
from complex interactions between host and environ-
mental factors[3].

Multiple risk factors for GC have been recognized, 
including smoking and diet[4,5], but Helicobacter pylori (H. 
pylori) infection and the resulting development of  intes-
tinal metaplasia appear to be of  crucial importance[6,7]. 
Chronic inflammation secondary to H. pylori infection is 
thought to be responsible for the development of  a step-
wise progression from chronic gastritis to pre-malignant 
changes that eventually result in GC[8,9].

Although epidemiological data appear to indicate a 
progressive reduction in the incidence of  GC, particu-
larly in developed countries within North America and 
Western Europe, significant geographical[10] and ethnic[11] 
variations exist. However, data from developing countries 
remain limited, which renders global analyses difficult. 
The aim of  this study was to analyze the geographic dis-
tributions and time trends of  GC incidence and mortality 
in Brazil to identify the areas with differential risks and 
outcomes for GC.

MATERIALS AND METHODS
Data source
Data from the Health Informatics Department of  the 
Brazilian Ministry of  Health (DATASUS) were utilized 
for this study (http://www2.datasus.gov.br/DATASUS). 
DATASUS is a fundamental tool for the coordination of  
the National Health Information System and maintains 
reference tables and vocabularies used in information 
systems throughout the entire country. This population-
based health and disease registry includes important in-
formation such as medical procedures, hospital admission 
and discharge, and mortality, and it covers approximately 
the entire Brazilian population. In addition, demographic 
data, such as age, gender, and municipality, collected from 
the Instituto Brasileiro de Geografia e Estatística (IBGE; 
Brazilian Institute of  Geography and Statistics), are also 
available at the DATASUS website. 

In this study, we used hospital discharge records for 
GC patients as an estimate of  the GC incidence. We as-
sumed that hospital-based procedures for either GC diag-
nosis or treatment would in fact reflect the actual disease 
numbers. Variables for which DATASUS does not collect 
information, such as co-morbidities and treatment details, 

were not evaluated.

Study design, population, and variables
We conducted an ecological study with the DATASUS 
registry by identifying hospitalizations for GC patients di-
agnosed between January 2005 and December 2010. The 
analysis period was based on the most recent and con-
sistent information and contained complete data entries. 
We included patients for whom a diagnosis of  malignant 
neoplasm of  the stomach was assigned; these patients 
were classified as C16 (from C16.0 to C16.9), according 
to the International Statistical Classification of  Diseases 
and Related Health Problems, Tenth Revision (ICD-10). 
The data included information on the town of  residence 
at the time of  hospital admission and death, and the pa-
tients were categorized by gender and age; for the latter, 
patients were stratified as < 20 years, 20-49 years, 50-69 
years, and > 70 years of  age (for whom coexisting co-
morbidities might render meaningful comparisons more 
difficult). 

For the geographic distribution analysis, the GC hos-
pitalization rates were obtained per 100000 inhabitants 
in the individual municipalities. The results from this ex-
ploratory model were included in a platform to plot maps 
depicting the estimates and distribution of  GC. 

Statistical analysis
The statistical analysis was performed with the statisti-
cal software package SPSS for Windows (Version 10.0.1, 
SPSS Inc., Chicago, IL, United States). Exploratory pro-
cedures were applied to the data, and summary descrip-
tive statistics and graphical displays were generated either 
for all cases or separately for groups of  cases. 

RESULTS
In this study, we first present an overall picture of  GC in 
Brazil over time (from 2005-2010) by showing the total 
cases registered per year, the rates per 100000 inhabitants, 
and the lethality rates, including the distribution by gender. 

Hospitalizations for gastric cancer
The total numbers of  hospitalizations for GC were 19085 
in 2005 and 17602 in 2010, of  which 3232 and 3305 
resulted in death, respectively. Nevertheless, in terms of  
cases per 100000 inhabitants, the rates adjusted accord-
ing to available hospital beds decreased from 13.8 per 
100000 in 2005 to 12.7 per 100000 in 2010 (Figures 1 and 
2 and Table 1). Regarding gender, the Brazilian numbers 
confirm the world trend for male predominance, as male 
patients accounted for 65% of  all GC cases (Figure 1). 

Next, we analyzed the population distribution of  
GC according to the age at diagnosis, using nationwide 
age-standardized rates of  hospitalizations (Figure 3). 
Relatively low rates of  GC cases were detected within 
the population < 50 years of  age, whereas the rates were 
higher among those > 50 years, as expected. However, 
given the differences between 2005 and 2010, GC-related 
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hospitalizations decreased proportionally more among 
the < 50 years groups, in which the male-to-female dif-
ference also markedly decreased in comparison with the 
older age groups (Table 2).

Lethality rates from gastric cancer 
Regarding GC-associated mortality, although the differ-
ences were not significant, the lethality rates appeared 
to indicate an increasing trend during the period from 
2005-2010 (Figure 1 and Table 1). Although GC lethal-
ity was not related to gender, the use of  standardized 
age groups seemed to reveal differences. As expected, 
the mortality rates increased linearly with age, ranging 
from approximately 10% among patients < 50 years to 
25% among patients > 70 years (Figure 3). Nevertheless, 
lethality was proportionally greater among patients < 50 
years, compared to the older groups (Table 2).

Geographic distribution of gastric cancer
Regarding the geographic distribution, this study analyzed 
the GC hospitalization rates per 100000 inhabitants with-
in the individual municipalities. The obtained results were 
plotted in maps that depicted the estimates and distribu-
tions of  GC per region, including the south, southeast, 
north, northeast, and central-west regions, in the years 
2005 and 2010. The standardized rates defined three 

ranges of  0-10, 10-65, and > 65. The spatial distribution 
of  GC showed that the rates were higher in the south and 
southeast, in contrast to those in the north and northeast 
regions. However, while the GC hospitalization rates 
decreased in the central-west and southern regions from 
2005 to 2010, they increased in the northern regions. A 
geographic analysis of  the distribution of  GC cases indi-
cated the presence of  higher rates in municipalities with 
urbanized residency, those located in more industrialized 
areas, and those with greater urban population concentra-
tions. Moreover, the GC rates also demonstrated a coast-
to-inland gradient, which greatly overlaps with the urban-
to-rural areas of  the country (Figure 4). With respect to 
GC lethality, the standardized rates defined four ranges 
of  < 25, 25-50, 50-75, and > 75. The geographic distri-
bution of  lethality overlapped considerably with the GC 
hospitalization rates (Figure 5).

In 2005, the towns with the highest rates of  GC per 
100000 inhabitants were Cuiabá (38.0) in Mato Grosso 
(central-west) and Curitiba (36.0) in Paraná (south), 
whereas in 2010, the highest rates were observed in 
Vitória (42.1) in Espírito Santo (southeast) and Boa Vista 
(24.9) in Roraima (north). Notably, of  the municipal areas 
with the highest GC rates, 2 of  the top 4 areas in 2005 
were located in the south, in contrast to 2 of  the top 6 
that were located in the north in 2010. Table 1 includes 
the hospitalization and lethality rates and populations of  
each country region, federal unity, and capital.

DISCUSSION
This study was the first to analyze the spatial distributions 
and demographics of  GC incidence rates and lethality 
estimates over time in Brazil to identify the areas with dif-
ferential risks and outcomes. Overall, the results of  this 
study indicate that the nationwide GC incidence declined 
overall, whereas the lethality rate increased between 2005 
and 2010. In particular, we observed a proportional de-
crease in GC hospitalization rates and the male-to-female 
ratio among young individuals. Nevertheless, the GC le-
thality rates proportionally increased among the younger 
population between 2005 and 2010. The geographic 
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Figure 1  Gastric cancer incidence by gender (A), estimated from hospitalizations and lethality trends (B), in Brazil from 2005-2010.
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in contrast to the lower rates in the northern regions. In-
terestingly, this study detected a decrease in the GC inci-

distribution of  GC indicates a higher concentration 
throughout the south, southeast and central-west regions, 

  Region, 
  Federal Unity and 
  Capital

2005 2010
Hospitalization 
rate (per 105)

Population Adjusted 
hospitalization 
rates (per 105)

Lethality Hospitalization 
rate (per 105)

Population Adjusted 
hospitalization 
rates (per 105)

Lethality

  Brazil 10.4 184184074 13.8 17.0%   9.2 190755799 12.7 18.8%
  North   6.0 14698834   7.4 16.0%   6.7 15864454   8.4    16%
     Rondônia   2.9 1534584   4.2 11.4%   4.7 1562409   6.5 10.8%
     Porto Velho   2.4 373917   4.0 33.3%   4.2 428527   6.1 11.1%
     Acre   9.7 669737 10.5 13.8%   7.1 733559   7.8   9.6%
     Rio Branco 11.4 305730 13.1 17.1% 11.0 336038 12.9 13.5%
     Amazonas   8.9 3232319 10.8 12.1%   8.9 3483985 10.3   9.1%
     Manaus 16.2 1644688 22.0 11.6% 16.4 1802014 21.0   9.5%
     Roraima   1.5 391318   1.6   0.0% 18.0 450479 18.5 12.3%
     Boa Vista   1.7 242179   1.7   0.0% 23.9 284313 24.9 11.8%
     Pará   5.4 6970591   6.7 22.0%   4.6 7581051   6.1 28.3%
     Belém 11.9 1405873 17.4 23.4%   9.6 1393399 17.2 31.3%
     Amapá   2.9 594577   3.3 29.4%   6.9 669526   8.1 28.3%
     Macapá   2.8 355405   3.4 30.0%   8.0 398204 10.0 34.4%
     Tocantins   6.8 1305708   7.9 10.1% 11.3 1383445 13.0   6.4%
     Palmas   9.1 208168 11.6   5.3%   4.8 228332   6.2   0.0%
  Northeast   6.4 51018983   7.6 16.0%   6.5 53081950   7.8    17%
     Maranhão   5.5 6103338   6.4 12.5%   4.2 6574789   4.9 17.9%
     São Luís   9.4 978822 12.3 21.7% 12.3 1014837 15.8 18.4%
     Piauí   4.5 3006886   5.0 12.7%   6.8 3118360   7.8   9.0%
     Teresina   4.7 788770   6.0 18.9%   9.8 814230 13.0 18.8%
     Ceará   9.4 8097290 11.4 13.1%   8.9 8452381 11.2 13.7%
     Fortaleza 15.2 2374944 20.3 15.8%   9.5 2452185 13.3 14.2%
     Rio Grande do Norte 15.7 3003040 18.7 20.0% 10.2 3168027 11.9 22.5%
     Natal 20.1 778038 29.5 32.7% 12.6 803739 16.9 25.7%
     Paraíba   8.8 3595849 10.5 13.2%   7.1 3766528   8.3 11.3%
     João Pessoa   8.9 660797 11.9 15.3%   6.8 723515   9.1 6.1%
     Pernambuco   2.9 8413601   3.5 10.5%   7.4 8796448   9.0 15.2%
     Recife   3.7 1501010   4.7 16.4%   8.7 1537704 11.4 20.9%
     Alagoas   7.6 3015901   8.7 13.9%   3.0 3120494   3.5 13.7%
     Maceió 10.0 903464 12.2 10.0%   3.1 932748   3.9 13.8%
     Sergipe   3.3 1967818   3.8 27.7%   2.9 2068017   3.6 25.4%
     Aracajú   6.6 498618   8.1 30.3%   2.5 571149   3.6 21.4%
     Bahia   5.2 13815260   6.3 19.2%   5.8 14016906   6.9 22.1%
     Salvador   6.2 2673557   8.7 25.7%   8.5 2,675,656 11.8 27.3%
  Southeast 11.9 78472036 17.0 18.0% 11.0 80364410 16.6 20.0%
     Minas Gerais 14.3 19237434 18.7 17.0% 12.0 19597330 16.5 18.9%
     Belo Horizonte 14.5 2375330 22.7 20.0% 12.3 2375151 20.5 21.2%
     Espírito Santo   9.3 3408360 12.4 13.6% 10.6 3514952 14.9 21.7%
     Vitória 13.1 396324 18.0 12.2% 29.3 414586 42.1 16.7%
     Rio de Janeiro   8.8 15383422 12.5 26.4%   7.6 15989929 11.5 23.9%
     Rio de Janeiro   9.0 6094182 14.5 33.9%   7.1 6320446 12.6 24.8%
     São Paulo 12.1 40442820 18.4 17.1% 11.9 41262199 18.8 19.5%
     São Paulo 11.1 10927985 19.6 19.6% 11.2 11253503 21.1 21.8%
  South 15.9 26973432 21.4 16.0% 11.5 27386891 16.1 18.0%
     Paraná 17.2 10261840 22.7 15.7% 14.3 10444526 19.9 16.9%
     Curitiba 20.0 1757903 36.0 13.6% 11.5 1751907 20.1 17.8%
     Santa Catarina 17.1 5866590 21.9 16.8%   5.6 6248436   7.6 17.0%
     Florianópolis 22.2 487047 28.0 23.9%   1.7 515288   2.2 42.9%
     Rio Grande do Sul 14.1 10845002 19.8 15.1% 12.1 10693929 17.4 18.3%
     Porto Alegre 11.9 1428694 16.7 21.8%   9.9 1409351 14.9 24.5%
  Central-West 10.2 13020789 13.8 15.0%   7.9 14058094 11.1 21.0%
     Mato Grosso do Sul 10.6 2264489 13.8 17.0% 11.0 2449024 17.1 22.6%
     Campo Grande   8.0 749770 11.9 23.3% 13.5 786797 22.7 24.5%
     Mato Grosso 13.2 2803272 17.4 14.0%   7.4 3035122 10.1 22.1%
     Cuiabá 23.6 533801 38.0 17.5% 10.3 551098 15.9 26.3%
     Goiás   8.0 5619919 10.9 12.7%   6.0 6003788   8.3 20.6%
     Goiânia   8.8 1201007 13.4 17.9%   7.5 1302001 12.0 22.4%
     Distrito Federal 11.2 2333109 16.2 19.8%   9.8 2570160 13.9 17.9%
     Brasília 11.2 2333109 16.2 19.8%   5.0 2570160   7.1 10.9%

Table 1  Distributions of gastric cancer hospitalization rates and lethality in 2005 and 2010
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dence in regions of  higher concentration over time, but it 
also unveiled a contrasting relative increase in cases in the 
northern regions during the same period. 

Several studies support the notion that the GC in-
cidence is declining worldwide[12,13]. In accordance with 
those findings, in the current study, we have presented 
data from estimates of  the GC incidence in Brazil to 
show that although the population increased from 2005 

to 2010, hospitalizations for GC consistently declined. 
The time trends of  the age-stratified groups show an 
increase in the GC incidence in patients > 50 years with 
an overall male predominance, a well-recognized phe-
nomenon in GC that is usually attributed to possible 
differential environmental exposure[14,15]. This suggests 
that the risk factors for GC have been present in our 
environment, but the exposure statuses to the relevant 
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Figure 3  Age-standardized gastric cancer incidences by gender, estimated from hospitalizations and lethality trends, in Brazil from 2005-2010.

Amorim CA et al . Gastric cancer in Brazil: hospitalization and lethality rates

Male
Female
General



5041 May 7, 2014|Volume 20|Issue 17|WJG|www.wjgnet.com

factors most likely differed between male and female 
patients. However, our finding of  decreasing GC rates, 
especially in the younger age groups and proportionally 
more among males, support the idea of  relatively recent 
environmental modifications in Brazil and appear to be 
in accordance with a previous Japanese study, in which 
the decreasing trend in younger groups was additionally 
associated with intestinal-type GC[16]. 

Overall, more than 90% of  the GCs are adenocar-
cinomas and comprise two well-differentiated types, 
namely intestinal and diffuse[17]. The intestinal type, to 
which the decrease in GC has been attributed[18,19], is usu-
ally more prevalent among men and the elderly and is 
predominant in the lowest socioeconomic groups; diet 
and H. pylori infection are major risk factors. The diffuse 
type, in contrast, is more frequent among the young, with 
an equal male-female distribution, and has been associ-
ated with constitutive-related factors[15]. Considering the 
well-known differences in the pathogenic mechanisms of  
the two GC subtypes, our results appear to corroborate 
the trends of  a 25-year study of  a reference center in 
Southern Brazil that showed a decrease in the intestinal 
subtype paralleled by a steady increase in the diffuse 
subtype of  GC, predominantly in women < 45 years[20]. 
This fact might explain the tendency to select more se-
vere or advanced cases with increasing lethality, which 
are also compatible with the diffuse subtype of  GC[21]. 
In agreement with our results, young patients in a large 
population-based study of  age-related GC outcomes in 
the United States also presented with more advanced 
disease. However, the prognosis of  young patients with 
GC remained better than that of  the older patients[22]. 
Although this information appears paradoxical and might 
also contradict our results, it is likely that the adjusted 
stage-stratified relative survival would be more favorable 
among young patients, compared to older patients, due to 
their general health condition and possibly to differences 
in the availability and quality of  health care. 

With respect to the incidence and associated mortal-
ity, marked geographic differences are characteristic of  
worldwide GC epidemiology. The highest incidence rates 
have been reported in Japan and Korea, whereas the low-
est are in the United States and Western and Northern 
European countries; Brazil has been considered to have 
an intermediate-high pattern[10,23,24]. Although the precise 

etiology of  GC remains unknown, studies have identi-
fied potential genetic, environmental, and lifestyle risk 
factors that might also account also for the geographical 
differences. Several risk factors have been associated with 
GC, including H. pylori infection, smoking, and diet[4,15,25]. 
Regarding dietary factors, ecologic studies have suggested 
associations of  GC incidence and mortality with salt con-
sumption[26-28]. Studies of  immigrants have shown that 
changing patterns of  incidence according to the location 
where people live appear to reinforce the critical role of  
dietary habits in the development of  GC[28,29].

The differential occurrence in urban versus rural 
municipalities constitutes another intriguing factor that 
could contribute to additional geographical variations 
in GC. In contrast to our results, a study conducted in 
southern Spain showed a reduction in the mortality rates 
in the most rural municipalities[30,31]. However, geographic 
GC clustering remains evident in China, and high-risk 
areas are located in rural areas, especially in the north[32,33]. 
Similar results from studies conducted in Lithuania[34], 
South Korea[35], and Brazil[36], which reported higher risks 
of  GC incidence and mortality in rural areas, also appear 
to agree with our findings and with those of  another pre-
vious Brazilian study that estimated a specific reduction 
in GC would occur in the state capitals ten years earlier 
than in the inland municipalities[24]. These differences 
might be explained at least in part by gaps in education 
and preventive measures, together with lower access to 
health-care services for populations residing outside of  
larger urban centers.

H. pylori infection has been established as the most 
important risk factor for GF, but its presence alone is 
not sufficient to explain GC development[9,37]. H. pylori is 
commonly observed and widely distributed throughout 
the populations of  developing countries[38,39], includ-
ing Brazil[40], and the low socioeconomic level, which 
includes variables indicative of  a crowded environment 
and deficient sanitation or habitation conditions, have 
been confirmed in population-based studies to be critical 
for infection acquisition[41,42]. Therefore, it is reasonable 
to suppose that H. pylori infection would also account 
for the high prevalence of  GC in Brazil. In fact, GC has 
been associated with socioeconomic status and, at an 
individual level, this variable might be linked not only 
with H. pylori infection but also with dietary patterns, 
smoking, and possibly environmental and occupational 
exposures[15,31,43,44]. However, the socioeconomic condi-
tion and its influence on H. pylori infection alone cannot 
explain, for example, the high frequency of  GC in Japan 
or Korea, both of  which have a high socioeconomic 
level. Because of  these discrepancies, potential synergistic 
associations of  H. pylori infection with different variables 
have also been investigated with respect to GC devel-
opment. Previously, in a cross-sectional study in Japan, 
investigators found an association between H. pylori infec-
tion and the consumption of  salted food[29]. Nevertheless, 
the potential association between salt consumption and H. 
pylori infection with respect to GC development was also 

Age ranges 2005 2010 Difference

  Hospitalization < 20 yr     0.54     0.28  -48.1%
20-49 yr     6.23     3.91  -37.2%
50-69 yr   38.06   29.67  -22.0%
> 70 yr   75.97   55.40  -27.1%

  Lethality < 20 yr   6.5   9.5 +46.2%
20-49 yr 12.1 14.8 +22.3%
50-69 yr 16.9 17.8   +5.3%
> 70 yr 22.5 23.5   +4.4%

Table 2  Changes in gastric cancer-associated hospitalizations 
and lethality rates among the standardized age ranges from 
2005-2010
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investigated in epidemiological studies and yielded incon-
sistent results[14,45,46]. 

Despite the potential limitations of  this study, which 
are basically related to the lack of  disease details and in-
formation regarding co-morbidities and therapy, and the 
fact that the data were based on hospitalization rates and 
mortality, all procedures were thoroughly applied to gen-
erate a large database that contained nationwide informa-
tion that was collected in a single, common, electronic 
data-based system. Therefore, although an ecological 
fallacy would still be possible in this study, this possibil-
ity was mitigated by the use of  municipalities and the 
simplicity and straightforwardness of  the data entered in 

the electronic system. However, it is important to cau-
tiously interpret the results of  this study because of  some 
additional methodological limitations. For example, the 
concept of  a municipal unit might be very different in 
Brazil, compared to most countries. In addition to clear 
geographic heterogeneities, Brazilian cities might present 
great differences in terms of  population. In addition to 
the well-known global tendency towards urban concen-
tration, considerable differences are observed among 
the 5435 Brazilian municipalities. For example, popula-
tions might vary from one thousand to twenty million 
inhabitants per city and yet, these would be considered 
municipal units of  the same level in our database. An-

Figure 4  Geographic distribution of gastric cancer in Brazil according to the municipal hospitalization rates (per 100000 inhabitants) in the years of 2005 
and 2010. Standardized rates defined three ranges of 0-10, 10-65 and > 65. S: South; SE: Southeast; N: North; NE: Northeast; CW: Central-west.

Municipal rates of lethality for gastric cancer per 100000 population
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Figure 5  Geographic distribution of gastric cancer lethality in Brazil according to the municipal rates (per 100000 inhabitants) in the years of 2005 and 
2010. Standardized rates defined four ranges of < 25, 25-50, 50-75 and > 75. S: South; SE: Southeast; N: North; NE: Northeast; CW: Central-west.
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other potential caveat of  this study is the precision of  the 
registries, which is likely related to the geographic socio-
economic differences, with repercussions on health-care 
quality. Nevertheless, it is clear that GC will remain a sig-
nificant societal burden and will unfortunately continue 
to constitute a critical health issue in Brazil for many 
years. Therefore, despite all the potential limitations and 
criticism regarding this type of  study, the information 
generated by this unified database might allow the first 
insights regarding the dynamics of  GC in Brazil. 

In conclusion, the results of  this study appear to 
support the hypothesis that environmental elements are 
fundamental determinants of  GC pathogenesis. Further-
more, the decline in GC incidence among younger pa-
tients, along with less discrepancy in the gender distribu-
tion during the analysis period, likely suggests a relatively 
recent decrease in the population-level exposure to the 
environmental risk factors associated with GC. How-
ever, the differential spatial distribution of  GC suggests 
a possible ongoing dynamic change within the Brazilian 
environment, with shifts in incidence from the south to-
wards the north and from more urbanized coastal areas 
to inland areas. 
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