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Abstract: The distribution of harms to health varies spatially determined 
by the socioeconomic conditions of the environment. This research aimed 
to assess the spatial distribution of dental caries in 12-year-old children 
and their correlation with socioeconomic indicators in Brazilian states. 
The sample of this ecological study comprised all the 26 Brazilian states 
and the Federal District. Thematic and correlation maps were constructed 
in order to assess the spatial dependency, as well as the correlation 
between dental caries and socioeconomic factors. The results showed 
that the states with the worst DMFT indexes were located in the north 
and northeast, showing spatial autocorrelation. These regions also had 
the worst results for the following variables: poverty, illiteracy, education, 
and income. The bivariate analysis showed that household income and 
education level had negative spatial correlation with the DMFT index, 
while illiteracy and poverty rates showed positive correlation. Despite 
advances in the decline of DMFT index in recent years, there is still an 
inequity in the distribution of the caries disease.

Keywords: DMF Index; Socioeconomic Factors; Spatial Analysis.

Introduction

Health has been understood as the result of the social organization 
of production, which is affected by multiple factors, such as housing, 
food, education, work, income, environment, and access to goods and 
essential services, among others.1 According to the Organic Law of Health,2 
health levels of the Brazilian population express the social and economic 
organization of the country. Oral health – as an integral part of health as 
a whole – is also included in this context and it is influenced by the same 
factors, in particular by the socioeconomic conditions of the population.

Brazil has a historical and large social inequity since its colonization to 
the present day. According to the Institute of Applied Economic Research 
(IPEA), the 20% of families with the highest incomes in 2014 were 16 times 
more than the 20% of those families with the lowest incomes. In 2009, the 
Gini index of the country was 0.623 and in 2014 this number dropped to 
0.518. However, it should be recognized that serious disparities still persist.3,4

The Brazilian epidemiological framework with regard to oral health has 
confirmed this fact. In addition, in Brazil the use and access to oral health 
services are lower in the poorer regions. The literature has shown that the 
prevalence of low access to dental services varies widely between Brazilian 
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capitals. In less developed regions, this prevalence is 
five times higher than the most developed regions 
as in South and Southeast capitals, for example.5,6 
Socioeconomic inequality is a significant attribute of 
the Brazilian reality. It influences the health condition 
of the population and produces large implications 
for oral health, such as dental caries, toothache, and 
loss of teeth.7

The harms in oral health and their sequels are 
prevalent in Brazil, especially in the northeast states, 
which have major socioeconomic problems that 
reflect in the public health and have great political 
and social consequences.5,6,7 Thus, in recent years, 
the government has used epidemiological data to 
guide oral health public policies through national 
oral health surveys, such as those carried out in 2003 
and 2010, known as the SBBrasil project.8

In addition to obtaining the primary data 
of dental morbidity, it is essential to assess and 
understand the distribution of these diseases within 
the territory and how they are linked to social and 
economic conditions of the population in order to 
effectively promote oral health. Health promotion 
is a complex task that involves the understanding of 
the relationship between the people and the patterns 
of development, sociocultural environment, needs, 
rights, and living conditions.8

Based on the above information, this study 
proposed to assess the spatial distribution of decayed, 
missing, and filled teeth (DMFT) in children with 12 
years of age in the Brazilian federal states and the 
correlation with socioeconomic conditions in 2010.

Methodology

This was an ecological study with spatial 
aggregates, using the 26 Brazilian states and the 
Federal District as analysis unit. Oral health data 
were obtained from the 2010 SBBrsil Project carried 
out by the Ministry of Health.

Data on socioeconomic conditions of the Brazilian 
population, with reference to level of education, 
illiteracy rate, and unemployment rate, were obtained 
from PNAD 2009 (National Survey per Household 
Sample), while the Gini index, poverty rate, and 
household per capita income were obtained from IPEA 

2009 (Institute of Applied Economic Research). The 
cartographic data in shapefile format from the Brazilian 
states and the Federal District were obtained from the 
Brazilian Institute of Geography and Statistics (IBGE).

As the 2010 SBBrasil Project only provides the 
DMFT of the capitals and the countryside of the 
region in which the state is located, we carried out 
a weighted calculation to obtain the DMFT of each 
state by the following formula:

DMFT of the state =
Capital DMFT + countryside DMFT

Total state population

The data were geo-referenced using the Terraview 
4.1.0 software. In order to identify patterns in the 
spatial distribution of the DMFT, level of education, 
illiteracy rate, Gini index, poverty rate, household 
per capita income, and unemployment rate, we held 
exploratory analysis through visual inspection of 
thematic maps constructed with the use of the same 
software. The darker the shade on the maps the more 
unfavorable the outcome.

To assess the spatial autocorrelation of variables, we 
calculated Moran’s I index for each variable. The index 
provides a general measure of the spatial association 
in a set of data and its value ranges from -1 to +1, where 
values closer to -1 or +1 indicate high autocorrelation 
and values close to zero indicate low autocorrelation.

Subsequently, we assessed the presence of clusters 
through the Moran’s I local indicators of spatial 
association (LISA), which estimates how similar 
or different are neighbors with common edges in 
the polygons, thus allowing to identify the spatial 
concentration of high and low values of indicators. 
The relationship between DMFT and socioeconomic 
conditions was evaluated by means of bivariate 
correlation, bivariate Moran’s I index associated with 
visual inspection of dispersion charts, and thematic 
maps, made by the GeoDa 0.9.5 software.

Results

The DMFT in 12-year-olds ranged from 1.44 to 
3.79 among states. In 2010, the DMFT distribution 
in the Brazilian states showed higher rates (3.12 to 
3.79) concentrated in the northern and northeastern 
regions (Figure 1).
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Figure 1. Exploratory spatial distribution map of DMFT in 12-year-olds (Center) among Brazilian states in 2010 and spatial 
distribution of the variables household per capita income, poverty rate, schooling, and illiteracy rate.
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The lowest household per capita incomes (< 536.00 
Brazilian reals) as well as the worst poverty rates 
(> 39.44%) were concentrated in the states of the 
northern and northeastern regions. The highest levels 
of schooling (> 7.4 years of study) were in the south 
and southeast regions and part of the mid-west region. 
Some states in the northern region also showed high 
schooling levels. With regard to illiteracy, the worst 
rates (> 15.20%) were in the northeast states and the 
best rates (< 6.4%) in the southern states of the country. 
The unemployment rate and the Gini index showed 
a random spatial distribution.

Moran’s I index showed a significant spatial 
autocorrelation of DMFT with household per capita 
income, schooling, illiteracy, and poverty and it 

was not statistically significant for unemployment 
rate and Gini index, corroborating with what 
had been observed in the exploratory thematic 
maps (Table).

The Brazilian states that had the lowest DMFT - 
southern and southeastern regions - were also those 
that formed spatial clusters with higher household 
income and schooling rate (Figure 2). These data 
were opposed to the worst poverty and illiteracy 
rates that were spatially clustered in the states of the 
northern and northeastern regions, which had the 
highest DMFT indexes (Figure 3).

In the bivariate analysis, household per capita 
income showed a negative spatial correlation with 
DMFT, thus confirming that the increase in household 

Figure 2. Box map of spatial distribution of Brazilian socioeconomic conditions showing household per capita income and level 
of education in 2009.
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Table. Spatial autocorrelation of the study variables.

Variable Moran’s I Index p-value

DMFT  in 12-year-olds 0.30 0.03

Household per capita income 0.18 0.04

Unemployment rate 0.14 0.20

Schooling rate 0.17 0.05

Illiteracy rate 0.29 0.02

Poverty rate 0.33 0.01

Gini index 0.0006 0.58
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income would lead to a reduction of such index. 
Schooling rate also had negative spatial correlation, 
while illiteracy and poverty rates showed a positive 
spatial correlation with DMFT; poverty rate was the 
most highly correlated predictor of DMFT.

The bivariate spatial analysis (Figure 4) also 
indicated the formation of multiple clusters among 
states, such as clusters of low household per capita 
income and low rate of schooling correlated with 
high DMFT index in the northeast states, high rate 
of schooling correlated with low DMFT index in the 
center-south region, high illiteracy rate correlated 
with high DMFT index in the northeast states, as 
well as high poverty rate correlated spatially with 
high DMFT and low poverty rate with low DMFT in 
the southeastern and southern regions.

Discussion

The Brazilian population is going through a 
decrease in DMFT values, showing a consistent 
decreasing trend over the years, observed for the 
country as a whole and for the five regions, i.e., 
north, northeast, central-west, southeast, and south, 
indicating that all states influence the national decline 
of the indicator.9,10 The decline in the prevalence 
and severity of dental caries has also been reported 

in other American countries11 and represents a 
worldwide trend.12

Despite the evident progress in the decline of 
the DMFT index in recent years, the inequity in the 
distribution of the disease still remains, which can be 
explained by the difficult conditions to which most 
of the Brazilian population is subjected, establishing 
a true social apartheid.9

The spatial distribution of DMFT at 12 years of age 
in 2010 per federal states demonstrates a notorious 
social inequality and high variation among states, 
with the highest DMFT values in the northern and 
northeastern regions.9,10

Similarly, the analysis of socioeconomic 
characteristics of the population in the Brazilian 
states reveals a specific territorial pattern. In addition 
to the large interstate income differential that exist, 
there are other differentials not less important related 
to education level and the extent of poverty. As the 
results of this research show, all these economic 
indicators are related to oral health conditions of 
the population, i.e., people with the worst social 
conditions show the highest rates of DMFT in the 
northeast of Brazil.

The seaside-countryside contrast is in opposition 
to the very different north-south contrast, in which 
there are striking regional differences. However, 

Figure 3. Box map of spatial distribution of Brazilian socioeconomic conditions showing illiteracy and poverty rates in 2009.
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income concentration is a universal trend, occurring 
in Italy, France, and the United States. Once the 
phenomenon starts, its natural reversal is difficult. In 
Brazil, due to its territorial extension, such a process 
tends to increase.13

It is important to highlight the low socioeconomic 
conditions of the northern and northeastern 
populations of Brazil with high values of dental 
caries in the community. To better understand the 
vulnerability of these regions, it is necessary to know 
the political, social, and economic history of Brazil.

Poverty and the level of social inequality in Brazil 
are not due to insufficient resources, but to historical 
concentration processes. In Brazil, the poor population 
is higher in rural areas from the northeastern and 
northern areas of the country, decreasing towards the 

southern and mid-western regions, demonstrating a 
regional component of social inequality.13,14

The Brazilian economic development helps the 
understanding of the present situation. In the first 
half of the 20th century, the economy comprised a 
system with minimal integration among regions. 
However, the growth of coffee production established 
regional income and provided the means for regions 
to articulate with one another.15

Although by mid-century the Brazilian economy 
advanced, the disparity among regional income levels 
increased noticeably. With the industrial development 
that followed the coffee success, the regional income 
concentration increased.14,15

The Brazilian industrialization process began 
simultaneously in almost all regions. The first textile 

Figure 4. Moran’s map of bivariate analyses between DMFT in 12-year-olds and socioeconomic conditions in 2009.
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industries were established in the northeast after the 
tax reform. However, capital accumulation took place 
in the southeastern region and the industrialization 
policy that had been implemented contributed to 
further expand regional inequalities. The crucial 
stage of income concentration occurred during 
World War I, when the industrial acceleration 
took place.13,14,15

National income data show the intensification of 
the wealth concentration during the post-war period. 
The participation of the state of São Paulo in the 
industrial production rose from 39.6 to 453% between 
1948 and 1955. At the same time, the participation of 
the northeastern region declined from 163 to 9.6%, 
establishing a growing disparity in per capita income 
among the regions of the country.16

According to Furtado,16 in 1955, São Paulo had a 
population of 10,330,000 inhabitants and industrial 
production 2.3 times greater than that of the northeast 
region with a population of 20,100,000 inhabitants. Per 
capita income in the region of São Paulo was, therefore, 
4.7 times higher than that of the northeastern region.16

The differences between the standards of living in 
the different Brazilian regions – which are even higher 
today – gave rise to large political concerns. Studies 
on the subject support the adoption of measures for 
regional development.13,15,16

The awareness of economic interdependence 
among states in the first half of the 20th century – 
when regions related to one another around the 
coffee-industrial activity – raised the concern that 
the growth of a region might be counteracted by the 
stagnation of other regions.16

The current Brazilian situation reveals that the 
private sector got stronger with the internationalization 
of global conglomerates, financial liberalization, 
and productive restructuring within the axis of 
‘globalization’. As a consequence, social and regional 
inequalities grew, thus increasing the need to organize 
policies in order to reduce negative effects and reaffirm 
regional territorial cohesion.17

Social inequality is observed in the countryside 
of all regions of the country. This was shown in this 
study by the distribution of the Gini coefficient that 
did not show any spatial pattern in the Brazilian 
territory. Such inequalities are well clarified when the 

indicators concerning socioeconomic conditions are 
analyzed. In order to have an idea of the enormous 
imbalance of per capita income in Brazil in the 1990s, 
it is worth noting that Brasília had the highest annual 
per capita gross domestic product (GDP), which was 
five times larger than those of the states of Tocantins, 
Maranhão, Piauí, Ceará, and Rio Grande do Norte.18 
In 2009, the GDP of São Paulo was 1,155,806,777 reals, 
while in Amapá, for example, it reached 7.654.655 reals.4

The historical and cultural heritage of the 
northeastern region provides explanations for 
what is observed. When the work regime became 
wage-earning, low incomes predominated due to 
cultural backwardness, land ownership structure, 
and oligarchic dominance. This distinguishes 
the northeast as the region of retrogression 
and worrisome indicators that failed to provide 
alternatives to the semi-arid region to decrease 
the effects of climate adversity.19

Furtado16 points out that the colonial period 
left important legacies for the social and economic 
development of Brazil. In particular, this inheritance is 
even more present in the northeast with the persistence 
of monoculture, the legacy of the ‘sugar world’, the 
technical backwardness and rudimental work, 
subsistence agriculture, disjointed and deepening 
poverty in the fields, and the patriarchal structure.16

This historical review aimed to explain the 
distribution of the caries disease in the national 
territory in a social, spatial, and temporal context. 
According to Milton Santos, the biological process 
of diseases must account for the economic, political, 
and cultural dimensions, factors that are responsible 
for disease development in a given population.20

The interaction between these social dimensions 
and health contributes to the development of 
specific interventions on communities, services, 
and other resources. Such interaction requires 
a cross-departmental government reflection on 
the general environment in which health, social, 
educational, economic, and judicial policies should 
be implemented.21

When the space is viewed as the location where 
diseases and harms to health occur, it is possible to 
observe that ‘extraoral’ factors, such as socioeconomic 
factors, can produce changes in the living conditions 
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and health of the population.22 Thus, an unequal 
socioeconomic development has consequences for 
the oral health in each part of the population. The 
1986,23 2003,24 and 201025 SBBrasil epidemiological 
surveys showed that despite the general decline of 
caries indicators, the presence of discrepancy between 
regions is still considerably evident.

Individuals with higher levels of education have 
better oral health status, as higher education leads 
to an increased awareness about the importance of 

teeth and the needed care for oral health preservation, 
as well as more information about the disease and 
its prevention. Regional inequality has a direct 
influence on access to dental services, the profile of 
dental procedures, concentration of dentists, and 
other factors related to the DMFT.26,27

Therefore, this study indicated the relationship 
between DMFT values of a population and the 
socioeconomic characteristics of its spatial location, 
which are historically determined.
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