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Abstract

The process of population aging is a worldwide reality becom-
ing a global public health challenge. Although population aging is
especially noticeable in more developed regions, there has also
been a significant advance in the quantity of elderly people in
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areas with unfavourable socioeconomic indicators, and a rapid
growth in countries with a low level of economic development.
This article presents an analysis based on spatial autocorrelation
of the relationship between life expectancy and social determi-
nants in a north-eastern region of Brazil. An ecological study was
conducted using the secondary data of social, demographic, and
health indicators of elderly people collected in the Brazilian
Demographic Census of the 75 municipalities of the state of
Sergipe. Spatial autocorrelation was evaluated using the Moran
global index and the local indicators of space association. Multiple
linear regression models were used to identify the relationship
between life expectancy and social determinants. The South-east-
ern region of the state presented clusters with all indicators point-
ing to acceptable lifestyles, whereas the municipalities of the
north-western and far-eastern regions were characterized by val-
ues demonstrating precarious living conditions. The high depen-
dency ratio, illiteracy rate, and unemployment rate among elderly
people had a negative impact on life expectancy. The evidence
confirms that there is an autocorrelation between social determi-
nants and life expectancy, indicating that the worse the social, eco-
nomic, and health indicators are, the lower the life expectancy.
This finding indicates the need to redirect public policies and for-
mulate strategies aimed at reducing social and health inequalities.

Introduction

Population aging may well be the next global public health
challenge (Suzman et al., 2015). In Brazil, this process presents
specific problems related to the speed with which it is growing and
the appearance of various social and health impacts that must be
addressed (Carvalho and Rodriguez-Wong, 2008; Veras, 2009;
Rede Interagencial de Informagdes para Saude, 2009). Although
population aging is especially noticeable in more developed
regions, the quantity of elderly people has also increased in areas
with unfavourable socioeconomic indicators, such as countries
with low levels of economic development (Marmot, 2005; Veras,
2009).The epidemiological and demographic changes that have
intensified population aging over time have not occurred equally
in society. The challenge imposed by this new reality demands
action in the economic, political, social, and health spheres
(Rodrigues and Neri, 2012; Bloom ef al., 2015; Rasella et al.,
2016) in order to guarantee elderly people an autonomous and
independent lifestyle, especially in view of the inequalities to
which the Brazilian elderly population are currently subjected
(Rodrigues and Neri, 2012).

In recent decades, there has been a breakthrough in the study
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of the relationships of in equalities and social inequities with
health outcomes (Clarke et al., 2010; Geib, 2012; Kolahdooz et al.,
2015; Sudharsanan, 2017). It should be noted that these inequali-
ties are accentuated in middle- and lower-income countries, where-
in the life expectancy is increasing rapidly (Lima-Costa et al.,
2012). It is also worth mentioning the need to include information
about the social determinants of health in the formulation of public
policies (Rasella et al., 2016), especially considering that socioe-
conomic factors are the first to influence individual health (Clarke
et al.,2010; Geib, 2012). Exposure to social disadvantage in child-
hood predisposes to health risks throughout life, which in turn
might result in fragility in aging (Kinge et al., 2015).

Marmot (2005) and Bloom et al. (2015) have reported that
health inequalities lead to very unequal life expectancy between
different countries: for instance, Sierra Leone has a life expectancy
at birth of 34 years, whereas Japan has one of about 82 years. They
also point out that there are also similar differences within coun-
tries. In Brazil, data from the latest survey by the Brazilian Institute
of Geography and Statistics (Instituto Brasileiro de Geografia e
Estatistica, 2010) reveals that life expectancy varies between the
Brazilian states, e.g., the difference between Maranhdo and Santa
Catarina is 70.3 and 78.7 years, respectively. However, the greatest
disparities are evident when comparing urban and rural areas.
Thus, it is reasonable to say that the Brazilian socioeconomic con-
text exposes an unjust and unequal country (Geib, 2012).
However, important improvements have occurred over the last
decade with reference to living conditions and health status.
During this period, the country experienced a period of economic
growth as a result of better income distribution as well as a reduc-
tion in social inequalities and extreme poverty (Lima-Costa et al.,
2012; Rasella et al., 2016). Furthermore, the average education
level has improved, illiteracy rates and the Gini coefficient (a mea-
sure of income inequality) have decreased and income transfer,
e.g., the Bolsa Familia’s benefit programme for families, has con-
tributed to economic growth. All of this has been accompanied by
an improvement in living conditions for the poorest sectors of the
population (Estatuto do Idoso, 2013; Rasella et al., 2016).

It is believed that life expectancy is influenced by social, eco-
nomic and health indicators. In this context, it is necessary to
investigate the social and economic conditions that interfere with
life expectancy at birth. It is also necessary to identify and monitor
aspects related to the care of elderly people. Based on this thinking,
this study aimed to analyze spatial autocorrelation and the relation-
ship between life expectancy and social determinants in a region of
north-eastern Brazil. This is then an ecological study using spatial
analysis techniques with areal data.

Materials and Methods

Data and variables

The units of analysis were the 75 municipalities of the state of
Sergipe, in the Northeast of Brazil. Sergipe has an area of
21,915.16 km? and a population of 2,068,017 inhabitants with
8.9% (185,957) 60 years of age or older (Instituto Brasileiro de
Geografia e Estatistica, 2010). In this analysis, elderly people were
considered those aged 60 years or over, which follows the
Brazilian Elderly Statute (Estatuto do Idoso, 2013).

Secondary data of social, demographic and health indicators
from the Brazilian Demographic Census (Instituto Brasileiro de
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Geografia e Estatistica, 2010), the Institute of Applied Economic
Research (Instituto de Pesquisa Economica Aplicada, 2017) and
the Department of Informatics of the Unified Health System
(DATASUS, 2017) were analyzed. The data referred to the resident
population of the municipalities of the state of Sergipe. In addition,
the variable of life expectancy also called life expectancy at birth
was used. This variable refers to the average number of years of
life expected for a newborn and maintains the existing mortality
pattern in the resident population in a given geographic area in the
year considered (Instituto Brasileiro de Geografia e Estatistica,
2010).

The identification of inequalities in the socio-spatial profile of
the state was conducted using the socioeconomic indicators of the
municipalities, which are represented graphically by thematic
maps. To evaluate the possible associations between socioeconom-
ic conditions and life expectancy, 11 independent variables were
analyzed. These included the socioeconomic variables of the
dependency ratio: average household income per capita, percent-
age of the population with a per capita income of up to one-quarter
of the minimum wage, gross domestic product (GDP) per capita,
the unemployment rate of the population aged 16 years or over and
the illiteracy rate among elderly people; variables related to the
municipalities’ infrastructure: the percentage of households with a
water supply not connected to the distribution network and the per-
centage of households without a garbage collection service; vari-
ables related to the access to health care: the rate of primary care
visits and the rate of consultations with elderly people in primary
care; and a variable related to the access to income transfer pro-
grams, which was the rate of elderly people receiving continuous
benefits.

CPress

Statistics

The determination of existence or not of a spatially condi-
tioned standard between life expectancy and social determinants
was made using the Moran’s global index (/) (Moran, 1948) to
identify clusters of areas with similar risks for the occurrence of
the outcome of interest. This index can detect the existence of spa-
tial patterns; that is, the similarity between areas. A neighbourhood
matrix was constructed using the criterion of border contiguity
among the 75 municipalities in the state adopting a level of signif-
icance of 5%. The statistical significance of the autocorrelation (P-
value) is also provided. Values close to zero indicate spatial ran-
domness, positive values indicate positive spatial autocorrelation
and negative values indicate negative spatial autocorrelation mean-
ing that significance values lower than 0.05 delimit regions where
there are local spatial structures.

The global Moran autocorrelation coefficient is based on the
cross-products of the deviations from the mean calculated for n
observations as follows (Moran, 1948) (Eq. 1):

[(n Zi* Efwii(yi-¥) (vi — ¥)]
1= Eq. 1
[Z:" (yi-¥PE" 2oy

where ; is the element of the @ contiguity matrix; y; is the area
indicators of the municipality i, y; is the area indicators of the
municipality j; y is the mean of the indicators, and # represents the
total number of cities.

In the next step, the local indicators of spatial association
(LISA) were applied to detect regions with significant local spatial
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autocorrelations (P<0.05%). The LISA (Moran, 1948) is a very
useful statistical tool, which is defined as the product of the residue
in the reference polygon. The local mean of the residues of its adja-
cent neighbours are used to generate maps indicating regions with
local autocorrelations significantly different from those of other
regions, thereby identifying clusters and outliers (Ministério da
Saude, Brasil, 2007) (Eq. 2).

~"

n [(ZiZ oiZ;
(=°Z5)

Eq. 2

Investigation of the spatial variability behaviour was done by
Moran’s scatterplot, which compares the normalized values of an
attribute in an area with the mean of its neighbours and constructs
a two-dimensional graph of z (normalized values) by W, (the mean
of the neighbours). The resulting graph has four quadrants, in
which Q1 and Q2 indicate positive associations, i.e. high-high and
low-low points, respectively, whileQ3 and Q4 indicate negative
associations, i.e. high-low and low-high points, respectively. The
Moran map was constructed to illustrate the regions that present
spatial dependence with significant values (P<0.05). For the infer-
ential analysis, a multiple linear regression model was developed,
taking into account life expectancy as the dependent variable and
all other determinants as the independent variables. The Shapiro-
Wilk test (Shapiro and Wilk, 1965) was used to evaluate the distri-
bution of the normality of the variables considering 0.05 as the
level of significance. Logarithmic transformation of the indepen-
dent variables was performed in order to prevent a small number
of extraordinarily large or small observations from having an
undue influence on the sum of the squares of the predictive model
errors. The spatial analyses were performed using the
TerraView4.2.2 software (Informer Technologies, Sao José dos
Campos, Sdo Paulo, Brazil) and QGIS2 v.18.3 software (Creative
Commons Attribution-Share Alike 3.0 license CC BY-SA, Las
Palmas, CA, USA). The inferential statistical analysis was per-
formed using R software version 3.3.0 (R Core Team, Vienna,
Austria).

Life expectancy
C sa9-88
= 688718
R a8
B 719744

L) 20 7% 100km

Results

The spatial distribution of life expectancy indicated that there
was only one municipality (the state capital) with a value compat-
ible with the Brazilian average (73.9 years) and 15 municipalities
with the state average (71.8 years). It should be noted that 80%
(60/75) of the municipalities exhibited values below the regional
and Brazilian average, suggesting worse living conditions and
worse health (Figure 1A).

The analysis of the maps allowed the identification of group-
ings of municipalities with similar behaviour in relation to the life
expectancy. The observation with the global Moran’s / showed that
there was a statistically significant spatial correlation (0.361, P-
value 0.01), indicating that areas with similar life expectancies, in
general, are closer to each other than other areas.

The identification of clusters based on LISA generated the
Moran map shown in Figure 1B. The results indicated regions
exhibiting significant local spatial autocorrelations. The life
expectancy map confirmed the aggregates that had better or worse
means, with the presence of clusters in the south-eastern and north-
eastern regions, respectively. In the former, which is closer to the
state capital, there were areas with positive values (Q1), whereas
in the extreme East, the opposite occurred, i.e. areas with negative
values (Q2). A few transitional areas that did not follow the same
process of spatial dependence as the others were observed in the
Q3 quadrant.

Table 1 shows the existence of a statistically significant spatial
autocorrelations in nine of the 11 independent variables used, with
positive values indicating direct autocorrelations. Using the local
Moran’s /, it was possible to identify the social determinants with
significant spatial autocorrelations. There were clusters in three
main regions (Figure 2): one in the metropolitan region of the state
with the highest incomes per household (B), higher unemployment
rates (E), lower dependency ratios (A) and lower rates of illiteracy
in the elderly (F); another in the high backwoods region with the
strongest indicators of poverty (C), illiteracy among the elderly (F)
and low coverage of primary care (H); and one region of poverty
(C) in the eastern end.

o T AT R
{ h " ¥
|

Figure 1. Life expectancy in municipalities of a north-eastern region of Brazil, 2010. (A) Distribution of life expectancy; (B) Moran

map of life expectancy.
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The descriptive exploratory analysis of the data is presented in
Table 2. Because of the skewness, median, and quartiles variables
are described. In the regression model, a strong negative correla-
tion (7: -0.670) was observed between the following two variables:
the average household income per capita and the percentage of the
population with per capita income up to one quarter of the mini-
mum wage. In the multidimensional model only those variables

@‘

that were not strongly linearly correlated were included, so the
mean per capita household income variable was excluded. A high
Fstatistic and a significant P-value (i.e. lower than 0.05) were
found. The results of the model indicate that a high dependency
ratio, illiteracy rate, and unemployment rate have statistically sig-
nificant negative impacts on life expectancy (Table 3).

10 0 10 20 30 40 S0km
[ . .

Figure 2. Moran map of the social determinants in the municipalities of a north-eastern region of Brazil, 2010. (A) Dependency ratio;
(B) Average household income per capita; (C) Population with per capita income up to one quarter of the minimum wage; (D) Gross
domestic product per capita; (E) Unemployment rate of the population aged 16 years or over; (F) Illiteracy rate among the elderly; (G)
Households with water supply not connected to the distribution network; (H) Rate primary care visit; (I) Rate of the elderly who

received benefit of the continuous benefit.

[page 348]

[Geospatial Health 2018; 13:702]

OPEN a ACCESS



N P

Table 1. Spatial correlation among the social determinants of municipalities in a north-eastern region of Brazil, 2010.

Life expectancy 0.476 0.001
Dependency ratio 0.205 0.025
[lliteracy rate among the elderly 0.482 0.001
Average household income per capita 0.133 0.046
Population with per capita income up to one quarter of the minimum wage (%) 0.529 0.001
Unemployment rate of the population aged 16 years or over 0.388 0.001
Gross domestic product** per capita 0.449 0.001
Households with a water supply not connected to the distribution network (%) -0.020 0.427
Households without garbage collection service (%) 0.132 0.013
Rate of primary care visits 0.098 0.119
Rate of consultations with elderly people in primary care 0.224 0.004

*Moran’s global index; **Values in USD.

Table 2. Descriptive statistics of the social determinants of a north-eastern region of Brazil, 2010.

Life expectancy 66.9 68.9 70.6 2.7 715 744
Dependency ratio 7.7 13.9 15.7 3.9 17.7 21.6
[lliteracy rate among the elderly 18.2 54.0 60.2 115 65.5 78.8
Average household income per capita 185.6 2474 2713 70.1 317.5 1,022.1
Population with per capita income up to one quarter of the minimum wage (%) 12.9 30.0 33.7 111 41.1 58.7
Unemployment rate of the population aged 16 years or over 22 5.9 8.2 6.0 11.8 294
Gross domestic product*** per capita 4739.1 6,241.0 7,507.2 34194 96604 67,568.7
Households with a water supply not connected to the distribution network (%) 0.7 84 14.9 134 21.7 44.0
Households without garbage collection service (%) 0.0 0.8 1.8 2.7 3.5 14.9
Rate of primary care visits 0.6 1.3 2.0 1.2 2.5 43
Rate of consultations with elderly people in primary care 22 34 39 1.2 4.7 11.8
Rate of elderly people receiving a continuous benefit 0.0 0.0 0.0 0.1 0.1 0.2

*quadrant I; **interquartile range; ***Values in USD.

Table 3. Multivariate linear regression model of the social determinants of a north-eastern region of Brazil, 2010.

(Intercept) 91.710 6.046 15.169 < 0.001
Dependency ratio -0.172 0.083 -2.081 0.042
[lliteracy rate among the elderly -2.906 1.207 -2.408 0.019
Average household income per capita -0.040 0.023 -1.696 0.095
Population with per capita income up to one quarter of the minimum wage (%) -0.940 0.461 -2.037 0.046
Unemployment rate of the population aged 16 years or over -0.233 0.413 -0.565 0.574
Gross domestic product per capita** 0.252 0.280 0.901 0.371
Households with a water supply not connected to the distribution network (%) -0.038 0.063 -0.615 0.541
Households without garbage collection service (%) 0.350 0.485 0.721 0.474
Rate of primary care visits -0.917 0.637 -1.440 0.155
Rate of consultations with elderly people in primary care 0.259 0.251 1.032 0.306

*Standard error; **Values in USD.
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Discussion

The pattern of the spatial distribution of the life expectancy of
the elderly residents in the region analysed showed that there was
a predominance of municipalities with rates falling short of the life
expectancy in the more developed regions. As observed, these low
values were not random and the thematic maps show that the het-
erogeneity in the distribution of life expectancy is related to the
spatial profile of the social determinants. The areas located in the
Southeast of the state, close to the metropolitan region, presented
the highest values of the socioeconomic indicators for life
expectancy, while the areas located in the extreme East and
Northwest, in the region of Sertao, showed values indicating a
worse economic and social situation correlating with lower life
expectancy. Because the regions that presented the lowest socioe-
conomic indicator values also had lower values of life expectancy
it can be concluded that socioeconomic factors exert a strong influ-
ence on life expectancy.

The data confirm that there is a greater life expectancy in the
metropolitan region, where the income indicators are higher and
where people live in less extreme poverty. Low life expectancy in
the state is associated with the strongest poverty rates, which was
indicated by the clusters formed in the north-western and eastern
regions. The metropolitan region has greater occupation due to the
urban infrastructure as well as the availability of various services
and economic and employment opportunities (Rivera-Hernandez
et al., 2015). In addition, the growth of the population in these
places may be due to urbanization and the migratory process
(Rivera-Hernandez et al., 2015). In Brazil, migration from rural to
urban areas typically occurs because of the supply of goods and
services.

Several studies have pointed out that income has an effect on
life expectancy (Lin ef al., 2012; Mondal and Shitan, 2014;
Mathers et al., 2015; Marmot, 2016). In high-income countries,
life expectancy has increased in recent decades (Mathers et al.,
2015; Suzman et al., 2015). On the other hand, there is evidence of
the association of income inequality with the inferiorhealth condi-
tions; therefore, in low- and middle-income countries, lower life
expectancy may be related to lower expenditure on preventive
medicine and health care. This has important implications because
economic difficulties can affect the most vulnerable populations,
such as the elderly (Mondal and Shitan, 2014). Furthermore, Lin et
al. (2012) demonstrated that gains in life expectancy can more be
attributed to improvement in the economy than to literacy, malnu-
trition or the political regime, and that shows that progress in eco-
nomic status can also have a positive effect on life expectancy that
can last for several years.

In the metropolitan cluster, which had the best life expectancy
rate, there was a spatial autocorrelation between life expectancy
and a lower degree of economic dependence because the region
has a larger economically active population. Despite this, there is
a higher unemployment rate, which was probably created by the
high reserves of workers linked to migration. This could have con-
tributed to the formation of unemployed people of productive age.
The results of the multivariate regression also showed an inversely
proportional correlation between life expectancy and dependence
ratio in the state, mainly due to unemployment. The decrease in the
dependence ratio may be related to the demographic transition
phenomenon associated with the reduction of fertility rates in the
region. The data indicate that the regions with high values of the
dependency ratio have a population of dependents that is higher
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than in the productive population, which means an increase in wel-
fare costs for society (Saude, 2012). As described by Bloom et al.
(2015), the public pension expenditure in Brazil is equal to 13% of
the GDP, reflecting the need for reform, such as that conducted in
the UK, given the ability and need of each country. The GDP per
capita did not present itself as a good indicator of a social determi-
nant of health, because it can suffer bias from the social differences
resulting from the concentration of income, which is demonstrated
by the fact that the municipality that has the highest GDP per capi-
ta is the same one that has the larger poverty rate. Thus, it seems
reasonable to state that just as rich countries show little relation-
ship between GDP and life expectancy (Marmot, 2005) in poor
regions. Indeed, no such relationship was found in the current
study. Education is another factor that affects life expectancy
(Mondal and Shitan, 2014; Kinge et al., 2015). In accordance with
these studies, the multivariate regression showed an inverse corre-
lation between life expectancy and illiteracy as well as a spatial
autocorrelation between life expectancy and illiteracy among the
elderly. Two clusters were formed: one in the metropolitan region
and one in the north-western region. The metropolitan region had
a better life expectancy and lower illiteracy rate, while the north-
western one showed the lowest rates for both indicators, something
that was reinforced by the overlap between illiteracy in the elderly
and poverty with life expectancy. This has important implications
because a low level of attendance to primary schooling compro-
mises access to education and leads to less health awareness,
which may interfere with the adoption of healthy behaviours and
social mobilization to improve quality of life (Geib, 2012; Mondal
and Shitan, 2014). Therefore, it is incumbent upon public man-
agers to seek strategies in the formulation of actions aimed at
reducing illiteracy because, as highlighted by Rasella ez al. (2016),
illiteracy and poverty rates are higher in the northern and north-
eastern regions of Brazil where life expectancy also reach the low-
est rates.

The existence of a spatial autocorrelation between primary
care visit rates and low life expectancy that was strongly indicated
in the north-western region of the state, which suggests that social
inequalities in access to, and use of, health services still persist
there. It should be noted that, although the association between
health service consultation and life expectancy is weak, the slow
decrease in mortality among the elderly in middle-income coun-
tries is related to several factors, including lower coverage of pri-
mary and secondary health care (Mathers et al., 2015). Valentine
and Bonsel (2016) argue that health facilities and access to services
for disadvantaged groups may also be the result of a lack of trans-
portation and longer journeys in rural areas. Although controver-
sial, there has been progress in recent years in Brazil in terms of
public policies for better access to primary health care services,
particularly for the poorest, through the Family Health Program,
especially in rural and poor areas (Andrade et al., 2013).

The population base together with the representativeness and
quality of the data documented in the main Brazilian survey, were
seen as the main advantages when we undertook this study.
However, the low variability of some indicators in the units of
analysis could be minimized by, for example, observing smaller
analysis units with census tracts. One fact to be highlighted is the
differences between the municipalities of the state because, on the
one hand, there are large rural areas with a scarcity of water and
sanitation services, and on the other, areas that are advanced with
respect to the urbanization process, which contributes to the prolif-
eration of precarious living conditions and unhealthy housing.

OPEN aACCESS

CPress



Nevertheless, the choice made in this research does not make the
analyses or the relevance of the results unfeasible, and we feel that
the study should be replicated in different regions.

As shown by using different social determinants, it was possi-
ble to identify that health conditions are directly related to the eco-
nomic and social conditions, because the worse the economic and
social conditions, the lower the life expectancy. It is known that
economic development determines improvement in social condi-
tions and increases people’s life expectancy (Mondal and Shitan,
2014). Thus, a social policy is crucial for reducing both health
inequalities (Marmot, 2005)and the lack of investment in health
because it may harm the economic performance of countries
(Bloom et al., 2015). European countries have revised their poli-
cies by identifying how to address the social determinants of
health, and have subsequently implemented measures to improve
health and reduce inequities in order to protect disadvantaged pop-
ulations from exposure and vulnerabilities linked to their economic
position (Marmot, 2005; Geib, 2012). In Brazil, improvements can
be attributed to economic growth as well as social and health poli-
cies, such as the expansion of the Unified Health System and
improvements in access to health care, especially primary care
(Rasella et al., 2016). Although Brazil has made great progress and
been able to keep up with the social and health conditions of devel-
oped countries (Rasella ez al., 2016), principally through the reduc-
tion of inequalities and poverty, the benefits have not been equally
enjoyed by all regions (Andrade et al., 2013). Thus, inequalities in
health between and within countries should be avoidable, as there
is no biological reason for differences in life expectancy, and it is
essential to reduce health inequalities, increase disease control,
improve health systems and increase efforts to address poverty
(Marmot, 2005).

CPress

Conclusions

Although Brazil has presented improvements in socioeconom-
ic and health conditions, the situation is still serious. There are
great inequities in the distribution of wealth, and there are large
sectors of the population living in conditions of poverty that do not
allow them access to minimum conditions and essential goods.
This situation was clearly evident in this study with regard to the
interregional differences within Brazil.

Considering that the increase in life expectancy is one of the
greatest achievements by society in Brazil and the world, the
results described here indicate the need to redirect public policies
with a view to reducing social and health inequalities following the
example of developed countries in order to formulate strategies
regarding the challenges of the economic and social conditions that
developing regions still face.

The findings presented here demonstrate the spatial depen-
dence between social determinants and their influence on life
expectancy. Clusters were identified in the south-eastern region of
the state, where the metropolitan region was found to be character-
ized by the best social indicators and life expectancy, while in the
north-western and far-eastern regions, the social indicators and life
expectancy were at low values reflecting the precarious living con-
ditions prevailing there. In addition, the analysis of the model
allowed us to identify that a high dependency ratio and illiteracy
rate in the elderly together with a high unemployment rate have a
negative impact on life expectancy.
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