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Spatial analysis of AIDS and
the social determinants of health
Análise espacial da AIDS e os determinantes sociais de saúde
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ABSTRACT: Introduction: The social determinants of health (SDH) are factors that can influence the
distribution of rates for acquired immunodeficiency syndrome (AIDS) in a given region. The objective of
this study was to analyze SDHs related to AIDS. Method: Ecological study, using spatial analyses techniques.
7,896 disease case reports were analyzed over a period of 11 years. Subjects were 13 years or older and residents
of the state of Ceará, in the northeast of Brazil. The area of analysis was the municipality, calculating both
the average rate of AIDS and the Freeman-Tukey transformed average rate for measuring softening. We used
the Simple Linear Regression Model to make the spatial correlation between AIDS detection rates and SDH.
A Geographic Information Systems (GIS) was used to manipulate georeferenced data. Results: High rates of
AIDS could be found in cities with better living conditions. Additionally, there was a significant relationship
between primary health care coverage and lower rates of the disease in Ceará. Conclusion: Socioeconomic
indicators with statistically significant correlation to the distribution of AIDS should be targeted by strategies
policies in the fight against the disease.
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RESUMO: Introdução: Os determinantes sociais de saúde (DSS) podem influenciar na distribuição das taxas
da síndrome da imunodeficiência adquirida (AIDS) de uma região. Este trabalho teve o objetivo de analisar os
DSS que se relacionam com a AIDS. Método: Estudo ecológico com técnicas de análise espacial. Analisaram-se
7.896 notificações dos casos da doença em um período de 11 anos, cujos indivíduos possuíam idade igual ou
superior a 13 anos e eram residentes no Estado do Ceará, Região Nordeste do Brasil. A unidade de análise foi o
município, calculando-se a taxa média de AIDS e a taxa média transformada de Freeman-Tukey para a suavização
das medidas. Foi feita correlação espacial das taxas de detecção de AIDS com os determinantes sociais de saúde,
utilizando-se o modelo de regressão linear simples. Empregaram-se os sistemas de informações geográficas (SIG)
para manuseio dos dados georreferenciados. Resultados: Altas taxas de AIDS foram encontradas em municípios
que apresentaram melhores condições de vida. Observou-se relação significativa entre cobertura da atenção
primária em saúde e baixas taxas da doença no Ceará. Conclusão: Os indicadores socioeconômicos com correlação
estatisticamente significativa com a distribuição da AIDS devem servir de base para políticas de combate à doença.
Palavras-chave: Análise espacial. Síndrome da imunodeficiência adquirida. Determinantes sociais de saúde.

INTRODUCTION
Over 30 years ago, a deadly disease that would initially affect men, homosexuals, young
and healthy people emerged. At that time, one could not imagine how much AIDS would
provoke discussion of complex issues such as human rights and social issues1.
Although the overall increase in the distribution of antiretroviral therapy (ART) contributed to the 48% decline in AIDS-related deaths2 in Brazil, more than 880,000 cases of
the disease were detected in the country from 1980 to June 2017, with an annual average
of 40,000 new cases and a gradual fall in the detection rates of the disease in recent years.
However, this is not the case in the Northeast of the country, where there was a linear trend
of growth in AIDS detection rates, with an increase of 35.7% between 2006 and 20163.
In this context, it is plausible to affirm that socioeconomic inequalities can lead to inequalities in health. In some countries, the mortality of the general population varies according
to the socioeconomic situation of the localities. With regard to AIDS, late diagnosis can
occur in economically disadvantaged regions4, leading to an increase in opportunistic diseases and early deaths.
There are many variables related to the health/disease process, including social and economic status, education, employment, housing and physical and environmental exposure.
These factors affect health and may influence the increase in morbidity rates. Studying the
social determinants of health (DSS) is important, especially in countries characterized by
large economic and health disparities, such as Brazil, and it is possible to introduce public
policies that integrate health, social and economic actions5.
Stigma, discrimination and homophobia are examples of conditions that increase the
chances of developing diseases6.
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There is, therefore, a need to address SDH in order to achieve equitable health outcomes7.
Responsibility for social indicators that affect AIDS rates calls for a diversified workforce, whose
actions are focused on broad access to quality health care, with resources for all populations8.
Also, understanding the relationship between the health behaviors adopted by individuals and
the characteristics of the places where they live is essential for the understanding of SDH9.
The relevance of the study is related to the need to know the main SDH for AIDS in
Ceará, with a 42% increase in disease detection rates in the state from 2006 to 201510. Despite
the great efforts of the government, current prevention measures require considering the
socioeconomic reality that interferes with the health/disease process of AIDS, in order to
make effective its actions to control the epidemic in the region.
In view of the above, the study aimed to analyze SDHs that are related to AIDS.

METHOD
An ecological study was carried out, and the unit of analysis was the municipality. Spatial analysis
techniques were used and geographic information systems (GIS) were used as data manipulation tools.
Located in the Northeastern Region of Brazil, the state of Ceará is divided into 184 municipalities and has an approximate area of 148,886.3 km2. The estimated population in 2015
was 8.9 million inhabitants, with a human development index (HDI) of 0.68211.
The study included all individuals aged 13 years old or older (age range used in the definition of AIDS cases in adults, for reporting purposes), living in Ceará and reported with
AIDS in the period from 2001 to 2011, totaling 7,896 notifications.
The AIDS notification forms of the Disease Notification System (Sistema de Informação de
Agravos de Notificação – SINAN) were used, whose information was provided by the Health
Department of the state of Ceará (SESA).
The socioeconomic variables of Ceará were obtained from the last Demographic Census
available in the country, conducted in 2010 by the Brazilian Institute of Geography and
Statistics (IBGE). Data were transformed into rates and proportions and their values, aggregated by municipality. Unemployment rate, Gini index (used to calculate inequality of income
distribution), coverage of the Family Health Strategy (FHS) service and coverage by the
Community Health Agents Program (Programa de Agentes Comunitários de Saúde – PACS) were
information provided by the Department of Informatics of the Unified Health System — SUS
(DATASUS) — and by the Department of Primary Care. The collinearity between the socioeconomic variables was evaluated by the calculation of the variance inflation factor (VIF).
The mean AIDS detection rate for the period and the municipality was calculated from
the sum of the rates calculated per year divided by the number of years studied, using the
population data available on the IBGE website as the denominator. The Freeman-Tukey
(FT) transformed rate was calculated in order to reduce the variations of detection rates
with very small values and to allow the identification of spatial patterns12. This rate was
considered as a dependent variable and used for correlation with SDH.
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The Pearson test was used to verify the statistical correlation between the dependent variable (AIDS detection rate) and covariates (socioeconomic indicators). The Shapiro-Wilk test
was used to measure the normality of the dependent variable. For all of the study’s tests, alpha
below 0.05 was considered necessary for rejection of the null hypothesis, being this the independence of the values of AIDS rates in relation to the socioeconomic indicators of the region.
For the creation of thematic maps, a shapefile type vectorial cartographic base was
obtained from the IBGE website, containing polygons that delimit the political divisions of
Ceará by municipality. The neighborhood matrix employed was the contiguity criterion.
The Moran index was used to verify the spatial correlation between neighboring areas
and the Jarque-Bera index to test the normality hypothesis of the residues.
Spatial analysis was performed using the global spatial regression method, the simple
linear regression model (SLRM). The model allows us to identify whether the explanatory
variables tested remain associated with the response variable, considering the influence of
socioeconomic and demographic factors on their spatial distribution.
The residuals generated by the MRLS modeling were analyzed, which should be free of spatial autocorrelation, not presenting clusters. The absence of spatial autocorrelation in the model
residuals reveals a random spatial pattern for the specified model, indicating good modeling fit.
We used the SPSS 20.0 and ArcGis 10.1 softwares in this research.
The study is part of a broad investigation, entitled “Spatial distribution and social determinants
of health in the population with AIDS in Ceará”, approved by the Research Ethics Committee of
SESA, with a favorable opinion (approval number of the Research Ethics Committee: 203.911,
CAAE number: 08928612.6.0000.5051). Guidelines for research involving human beings, regulated by Resolution No. 196/96 and restated by Resolution No. 446/11, were respected.

RESULTS
CHARACTERIZATION OF THE STUDIED POPULATION
In Ceará, there was a progressive increase of the disease in the studied population, which
went from 7.69 cases per 100,000 inhabitants in 2001 to 14.14 cases per 100,000 inhabitants in
2011. Most of the cases were detected in the male population — corresponding to almost 67% of
total notifications — of brown coloration (80%) and in the age range of 30 to 39 years. The highest detection rates were concentrated in the capital of Ceará (Fortaleza) and its surroundings.

PEARSON’S CORRELATION
The bivariate analysis showed a significant association between AIDS rates and the majority of social indicators (Table 1), except for Gini index, unemployment rate and proportions
of owned households, households without sanitary sewage, households with open sewage,
and semi-adequate and inadequate households (p > 0.05).
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The coverage by FHS and PACS (r-Pearson = -0.17 and -0.21, respectively) presented an
inversely proportional relation (p = 0.0240 and 0.005, respectively), that is, municipalities
with high coverage of primary care had lower disease rates.
Also, according to the bivariate analysis, most of the socioeconomic indicators that indicate
the better living conditions of the studied population showed a direct and significant relationship with the values of AIDS rates, especially income averages (r-Pearson = 0.37 and p = 0.000),
Table 1. Pearson’s correlation coefficient between transformed rate of AIDS and socioeconomic
indicators. Ceará, Brazil, 2001–2011*.
Freeman-Tukey AIDS rate

Socioeconomic indicators

r-Pearson

p-value

Population covered by FHS

-0.17

0.0240

Population covered by PACS

-0.21

0.0050

Unemployment rate

0.04

0.5485

Gini Index

-0.13

0.0691

Average per capita income

0.37

0.0000

Proportion of poor people

-0.44

0.0000

Proportion of owned households

-0.04

0.5452

Proportion of rented households

0.26

0.0004

Proportion of households with water connected to the
general network

0.17

0.0239

Proportion of households without water not connected to
the general network

-0.16

0.0264

Proportion of households with sanitary sewage

0.20

0.0056

Proportion of households without sanitary sewage

-0.01

0.9266

Proportion of households with open sewage

-0.08

0.2770

Proportion of households without a restroom

-0.32

0.0000

Proportion of households with more than three restrooms

0.36

0.0000

Proportion of illiterate people in charge

-0.46

0.0000

Proportion of females in charge of the household

0.27

0.0002

Proportion of males in charge of the household

-0.25

0.0006

Proportion of adequate households

0.19

0.0086

Proportion of semi-adequate households

0.07

0.3133

Proportion of inadequate households

0.06

0.4511

*Data referring to the survey carried out in 2014.
FHS: Family Health Strategy; PACS: Community Health Agents Program.
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the proportions of households with water connected to the general network (r-Pearson = 0.17
and p = 0.0239), households with sanitary sewage (r-Pearson = 0.20 and p = 0.0056), households with more than three restrooms (r-Pearson = 0.36 and p = 0.000), adequate households
(r-Pearson = 0.19 and p = 0.0086) and the proportion of female respondents (r-Pearson = 0.27
and p = 0.0002). We also identified a direct and statistically significant relationship between the
response variable and the proportion of rented households (r-Pearson = 0.26 and p = 0.004).

SPATIAL CORRELATION
The spatial correlation of the socioeconomic indicators, obtained by the Moran index
(Table 2), showed the spatial dependence of the great majority of the variables (p < 0.05),
especially indicators related to income, households with three or more restrooms and households with an illiterate person in charge (Moran index > 0.3).
The bivariate analysis of the transformed AIDS rate and socioeconomic indicators, also using
the Moran index, showed a positive value and statistical association of the following indicators: proportion of households in the poverty line, of individuals considered poor (with a lower per capita
family income or equal to half a minimum wage), illiterate people in charge, illiterate females in
charge, households without a restroom and male individuals I charge of the household (Table 3).
The application of the MRLS showed statistical and inverse significance between the transformed rate of AIDS and the FHS coverage (T-Statistic = -14.85 and p = 0.000). However, significant and direct relation to the average of household members, the proportion of households with three or more restrooms, the proportion of illiterate female people in charge
of the household, and the average per capita household income (Table 4) were verified.
The rates of AIDS were higher when the values of these variables had larger proportions.
The spatial autocorrelation of the adjusted values of the AIDS rate was significant (Moran
index = 0.61 and p <0.001). The mean income indicator, however, showed a weak influence in
the model, with a lower coefficient verified in the regression (T-Statistic = 0.6461). The FHS coverage, however, was shown as an indicator of greater influence (T-Statistic = -14.8527) (Figure 1).
The multivariate analysis showed an adjusted coefficient of determination that explained
28.23% of the variability of the AIDS rate. One can observe the random spatial distribution of the residues (Figure 1), which, by the Moran index, was not significant (p = 0.155).
A normality test was carried out to verify whether there were residues with normal distribution. The distribution of the residues was approximated to the normal curve. In this way,
the Jarque-Bera index = 4.8 was obtained, with p = 0.09.

DISCUSSION
This study carried out the analysis of multiple socioeconomic determinants in the occurrence of AIDS. Social inequalities in the State of Ceará define inequalities in the pattern of
6
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distribution of AIDS. Differentiated socioeconomic indicators among municipalities are reflected
in localities with no or few reported cases, in detriment of other sites with high disease rates.
The present investigation evidenced high rates of AIDS in places with better living conditions, corroborating an earlier study, which also identified higher disease rates among the
residents of wealthier households13. Previous research, however, has suggested the influence of national per capita gross domestic product (GDP) and the Gini index on reducing
the incidence rate of HIV/AIDS14. Another Brazilian study observed the current challenge
of spreading the epidemic among poorer people living in certain regions of the country15.
Table 2. Spatial autocorrelation of socioeconomic indicators. Ceará, Brazil, 2001–2011*.
Socioeconomic indicators

Moran I

p-value

Population covered by FHS

0.15

0.005

Population covered by PACS

0.21

0.003

Unemployment rate

0.13

0.006

Gini Index

0.23

0.001

Average per capita income

0.36

0.001

Proportion of poor people

0.52

0.001

Proportion of owned households

0.35

0.001

Proportion of rented households

0.11

0.013

Proportion of households with water connected to the
general network

0.18

0.001

Proportion of households without water not connected to
the general network

0.19

0.002

Proportion of households with sanitary sewage

0.18

0.001

Proportion of households without sanitary sewage

0.24

0.001

Proportion of households with open sewage

0.16

0.003

Proportion of households without a restroom

0.28

0.001

Proportion of households with more than three restrooms

0.31

0.001

Proportion of illiterate people in charge

0.50

0.001

Proportion of females in charge of the household

0.17

0.001

Proportion of males in charge of the household

0.16

0.004

Proportion of adequate households

0.18

0.002

Proportion of semi-adequate households

0.15

0.002

Proportion of inadequate households

0.19

0.001

* Data referring to the survey carried out in 2014.
Moran I: Moran Index; FHS: Family Health Strategy; PACS: Community Health Agents Program.
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This fact points to the influence of the heterogeneity of Brazilian regions and states on
the epidemiological behavior of certain diseases that suffer from their SDH. A mapping
study of the circulating volume of HIV/AIDS in the country also revealed the heterogeneity of the infection among Brazilians, with areas of concentration of the community
Table 3. Bivariate spatial autocorrelation of the transformed rate of acquired immunodeficiency
syndrome (AIDS) and socioeconomic indicators. Ceará, Brazil, 2001–2011*.
Freeman-Tukey AIDS rate

Socioeconomic indicators

Moran I

Statistic-T

p-value

Population covered by FHS

-0.13

-3.10

0.0023

Population covered by PACS

0.06

1.42

0.1580

Unemployment rate

-0.04

-0.89

0.3760

Gini Index

-0.12

-2.46

0.0149

Average per capita income

-0.15

-3.59

0.0004

Proportion of poor people

0.24

6.32

0.0001

Proportion of households in the poverty range

0.27

7.31

0.0001

Proportion of owned households

-0.07

-1.72

0.0867

Proportion of rented households

-0.03

-0.69

0.4900

Proportion of households with water connected to the
general network

-0.04

-0.92

0.3580

Proportion of households without water not connected to
the general network

0.00

0.96

0.3400

Proportion of households with sanitary sewage

-0.04

-0.88

0.3820

Proportion of households without sanitary sewage

-0.07

-1.69

0.0930

Proportion of households with open sewage

0.03

0.59

0.5540

Proportion of households without a restroom

0.15

3.63

0.0003

Proportion of households with more than three restrooms

0.07

1.54

0.0260

Proportion of illiterate people in charge

0.24

6.05

0.0001

Proportion of females in charge of the household

-0.09

-2.20

0.0289

Proportion of males in charge of the household

0.09

2.18

0.0307

Proportion of adequate households

-0.03

-0.76

0.4510

Proportion of semi-adequate households

-0.03

-0.75

0.4540

Proportion of inadequate households

0.00

-0.15

0.8810

* Data referring to the survey carried out in 2014.
Moran I: Moran Index; FHS: Family Health Strategy; PACS: Community Health Agents Program.
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viral load between the untreated individuals in the Northeast Region compared to the
Center-South Region16.
It is considered, therefore, that the area of the studied municipality is heterogeneous and
may present greater variability in the distribution of indicators and, consequently, in AIDS rates.
In addition, it is important to consider that the disease is prevalent in large cities of the
state, where the family income is highest. Thus, AIDS may be predominantly more associated
with the pace and risk behaviors of modern and urban life than with poverty-related factors.
Table 4. Simple linear regression between the transformed rate of acquired immunodeficiency
syndrome (AIDS) and socioeconomic indicators. Ceará, Brazil, 2001–2011*.
Variable

Coefficient

Standard deviation

Statistic-T

p-value

Constant

-0.3884

0.1931

-2.0112

0.0458

FHS Coverage

-0.1527

0.0103

-14.8527

0.0000

Average number of residents per household

0.1017

0.0493

2.0638

0.0405

Proportion of poor people

0.0069

0.0027

2.5296

0.0123

Households with more than three restrooms

0.0478

0.0171

2.7885

0.0059

Female illiterate in charge of the household

-0.0179

0.0048

-3.7361

0.0003

Average per capita income

0.0570

0.0882

0.6461

0.5191

* Data referring to the survey carried out in 2014.
FHS: Family Health Strategy.

A

B

N

N

Moran I = 0.05
p-value < 0.155

Moran I = 0.61
p-value < 0.001
adjusted
values

0
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120
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2.7 – 3.3
3.3 – 3.8
3.8 – 4.1
4.1 – 4.6
4.6 – 5.9
– Municipal boundaries
240 Kilometers

0

60

120

240 Kilometers
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< -2.5 Std. Dev.
-2.5 – -1.5 Std. Dev.
-1.5 – -0.5 Std. Dev.
-0.5 – 0.5 Std. Dev.
0.5 – 1.5 Std. Dev.
1.5 – 2.5 Std. Dev.

* Data referring to the survey carried out in 2014.
Moran I: Moran index; Std. Dev.: standard deviation.

Figure 1. Adjusted values of the global simple linear regression model (A) and model residuals
(B). Ceará, Brazil, 2001–2011*.
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The 2010 Census found an improvement in the country’s social indices compared to previous years. This result, however, diverges among Brazilian regions. The Northeast, which
contains Ceará, has the highest illiteracy rate in the country, with 17.6%, as opposed to the
South Region, with only 4.7%17.
Ceará itself does not have equitable socio-economic indexes in its geographic space, since
more than 75% of the literate individuals live in the urban area11. With regard to AIDS, however, previous studies have not identified a higher level of schooling with knowledge about
the disease, let alone with behaviors for the prevention and control of illness18.
The increase in disease rates, verified not only in large urban centers, but also in small
municipalities, is a factor that assists managers and health professionals in the planning of
strategies for the control of the syndrome19.
A direct association between AIDS and rented property was observed. One study also
found a relationship between stable homelessness and difficulties in accessing medical care
and adherence to antiretroviral treatment for people with HIV/AIDS20. In addition, it can
be said that the constant change of residential address can increase the network of sexual
partners, increasing the probability of contact with infected partners.
The positive association between per capita income and AIDS rates, evidenced between
the two variables in this study, was explained in a previous study, which identified ease and
greater access to diagnostic tests and serological testing in territories with better economic
conditions18. Still on regional disparities, the important elements in HIV/AIDS care should
be socioeconomic and health deficiencies among low-income countries, while in rich countries aspects to be considered are clinical, psychosocial and sexual identity issues21.
There was a significant relationship between primary health care coverage (FHS and PACS)
and low rates of AIDS in Ceará. It is possible to affirm that the internalization process of
AIDS was accompanied by the expansion of primary health care in different municipalities
of the state. This fact, associated to public policies to combat AIDS, which defines strategies
for health promotion, prevention and early diagnosis, may have contributed to the low rates
of disease in regions with greater coverage of FHS and PACS teams. FHS reduces geographic
barriers by acting near the household of the people under its responsibility. Spatial disparities define geographical access and the effectiveness of interventions in health institutions22.
The use of spatial correlation and SLRM allowed the identification of socioeconomic
characteristics related to the difference in AIDS rates found in the state of Ceará. The contemporary use of spatial modeling tools has allowed the formulation of intervention strategies, integrating public health with other sectors23.
Despite the important results found, it is important to mention the limitations of the present study, which are related to the low quality verified in the registry of some data obtained
and the underreporting of the cases in the state. Potential damage caused by poor record
quality and underreporting of cases would conceal the actual disease situation in Ceará.
However, SINAN, used in the present study, was considered the most adequate source of
data to reach the defined objectives, due to the large amount of information contained in
the system. On the other hand, the integration of data provided by other systems that also
manipulate information related to HIV/AIDS, such as the Laboratory Examination Control
10
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System (Sistema de Controle de Exames Laboratoriais – SISCEL) and the Logistic Control System
of Medicines (Sistema de Controle Logístico de Medicamentos – SICLOM), could have collaborated to decrease under-reporting of disease cases.
Also, because it is an ecological study, it is not possible to make individual inferences
regarding the results. Such restrictions, however, did not compromise the main findings and
the relevance of the research, since the objective was to identify the socioeconomic indicators that interfere in the detection rates of AIDS in the population of Ceará.

CONCLUSION
AIDS rates were higher where there were better living conditions. It was observed that
sites with greater coverage of FHS and PACS have lower rates of AIDS detection. It can be
concluded that social disparities can lead to different vulnerabilities of the disease in the
same geographic territory.
This research may contribute to the understanding of the relationship between SDH and
AIDS. This way, the political and assistance actions to control the epidemic can be directed
to the most relevant SDH. Identifying social elements that affect the health/disease process
of AIDS allows directing the planning of actions, both at the macro level, in the establishment of public health policies and programs of care, and at the level of less complexity, in
the care context of individuals affected by the infection.
The techniques of autocorrelation and spatial analysis adopted, using GIS resources,
were very useful to verify the epidemiological patterns of the distribution of a certain disease and its relation with other factors characteristic of the geographic space. This technology can be replicated in AIDS studies in other locations, as well as being useful for revealing
epidemiological patterns of other diseases.
Due to the social inequalities between municipalities, it is recommended to carry out
researches considering smaller units of analysis and comparative investigations between different territories, in order to better understand the dynamics of SDH in different locations.
It is also recommended to apply this study design to AIDS rates transformed by gender
and age group to evaluate if the impact of SDH in different subgroups occurs unequally.
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