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Abstract 
  

  

Background 

There are signs of convergence in infant mortality among the regions of Brazil, as 

infectious diseases have reduced their number of deaths, but there are still great 

differentials in life expectancy at birth and adult mortality in all Brazilian regions. Recent 

studies investigate the patterns of causes of death overtime and show how the changes in 

the patterns impact the evolution of life expectancy at birth and the mortality differentials 

observed in the country.  

 

Objectives 

The main objective of the paper is to try to establish a relationship between mortality by 

causes of death and economic development, measured by gross domestic product (GDP) 

per capita, in the adult population (over 30 years of age), by sex, in Brazilian micro-

regions from 1991 to 2010 

 

Data and Methods  

We use data from the System Data Mortality Information (SIM-DATASUS) from 1991 

to 2010. We use GDP data by micro-region as a measure of economic development. Data 

are public available from the Sistema IBGE de Recuperação Automática (SIDRA). We 

introduce an adapted bivariate choropleth map based on Grossenbacher and Zehr's tutorial 

(2019) in R to evaluate the degree of relation between mortality by cardiovascular disease 

and GDP per capita at the micro-regions level.  

 

Contributions 

This study provides useful clues for policy makers in establishing effective measures for 

the prevention and public health planning of deaths by external and non-communicable 

causes of deaths. The dynamics of mortality by cause and its relation to economic 

conditions are important to better understand future trends in economic development. As 

mortality declines, one can expect positive impact on economic growth for increase in 

life expectancy and better health might increase worker´s productivity.  

 

  



Introduction 

In the last decades, Latin America has experienced an accelerated decline in infant, 

child and adult mortality. The median gain in life expectancy at birth between 1950 and 

2010 was about 15 years, a much faster process than in developed countries. In 1950, life 

expectancy at birth in the region was 51 years, reaching 67 years in 1990 and more than 

70 years in 2010. However, rates observed around 2000 in several Latin American 

countries were like observed rates in the US and Canada. in the 1950s (Palloni and Pinto, 

2011), thus showing that there is still room for improvement in terms of life expectancy 

in the region. In addition, there is a wide variation in levels of mortality and life 

expectancy among and within the countries of Latin America (Alvarez, Aburto and 

Canudas-Romo, 2019; Gonzaga, Queiroz and Lima, 2018).  

Brazil followed a similar path. There are signs of convergence in infant mortality 

among the regions of Brazil, as infectious diseases have reduced their number of deaths, 

but there are still great differentials in life expectancy at birth and adult mortality in all 

Brazilian regions (Castro and Simões, 2009; Queiroz, et.al, 2018). Recent studies (França, 

et al, 2017; Borges, 2017) analyze the states of the federation (UFs) or large regions and 

show how the changes in the pattern of causes of death impact the evolution of life 

expectancy at birth and the mortality differential observed in the country. However, the 

Brazilian regions are also marked by large inequalities and the understanding of this 

dynamic in smaller areas is fundamental for demographic and public health studies.  

The determinants of mortality decline can be aggregated in two large groups, macro 

and micro ones. Micro determinants involve the characteristics of individuals and their 

health behavior. In addition, micro factors can influence macro level factors because they 

are directed related to the composition of the population in each area, such as the age 

composition of the population and the educational distribution of the population in each 

area. Changes in mortality levels across regions can be explained by macro level factors 

- health services, regional trends in health factors, institutional factors – and micro level 

factors – individual behavior, income level, educational level, and the combination of 

macro and micro factors can feedback each other (Soares, 2007; Cutler, Deaton and 

Lleras-Muney, 2006). 

Due to the heterogeneity in the spatial distribution of deaths by causes in Brazil - 

neoplasms, cardiovascular diseases, external causes, respiratory diseases and infectious 

diseases - , as well as socioeconomic conditions in Brazil, the goal of this paper is to 

investigate the relationship between mortality by causes of death and gross domestic 



product (GDP) per capita in the adult population (over 30 years of age), by sex, in 

Brazilian micro-regions from 2001 to 2015. We focus on these specific causes for they 

represent the majority of deaths observed in the country and have an interesting variation 

over the life cycle. That is, we investigate deaths that are concentrated at younger ages, 

prime-age adults and older ages.  

Income, often expressed as gross domestic product (GDP) per capita, is one of the 

most widely used socioeconomic predictors of mortality / health, and this relationship has 

been widely discussed in the literature (Preston 1975; Murray and Lopez 1997; Stronks 

et al. 1997; Ecob and Smith 1999; Berger and Messer 2002; Mackenbach et al. 2004; 

Subramanian and Kawachi 2006; James et al. 2012). We introduce an adapted bivariate 

choropleth map and bubble charts using software R to investigate temporal and spatial 

relationship between mortality by cause of death and GDP per capita in the country. 

 

Literature Review 2 

 Followed by a rapid mortality transition from high to low levels, Brazil also 

experienced a rapid epidemiological transition (Borges, 2017). However, the latter 

process did not follow the same pattern as that verified in most industrialized countries 

and other Latin American countries, such as Chile, Cuba, and Costa Rica (Prata, 1992; 

Schramm et al., 2004, França et al. 2017, Borges, 2017). Empirical evidence shows that 

there is overlap in transitional states of health, the persistence of infectious diseases (eg 

dengue, cholera, malaria, etc.) in parallel with the increase mortality rates by chronic and 

degenerative diseases. Calazans and Queiroz (2018) find that, using multiple decrements 

life tables, that cardiovascular diseases and external causes of deaths have the largest 

impact on life expectancy in Brazil and that differences in causes of deaths play an 

important role in gender differences in mortality levels. Thus, there is no linear pathway 

across all stages of the epidemiological transition, leaving it in the counter-transition state 

(Schramm et al., 2004; Frenk et al., 1991, França, et al., 2017; Borges, 2017). In addition, 

the two morbidity-mortality groups are also at high levels, characterizing themselves as 

a long-term transition process. Also, there are contrasting epidemiological situations in 

different regions of the country, also creating a scenario of epidemiological polarization 

(Schramm et al., 2004, Frenk et al., 1991, França, et.al, 2017 and Borges, 2017). 

                                                 
2 This section will present a up-to-date review of the literature and discuss in detail the relevance of the 
paper and analysis for the case of Brazil.  



We argue that large and persistent levels of income and regional inequality play an 

important role in observed differences in mortality levels across socioeconomic groups 

and regions of a country (Fenelon, 2013; Wilmoth et. Al, 2011, Bafuri, et.al, 2012). 

Preston (1976) showed that most gains in life expectancy were independent from income 

level. But, a series of studies indicate the importance of economic conditions on the 

reduction of mortality levels in more recent periods. Pritchet & Summers (1996) 

estimated that an 10% increase in income level is related to a 2% decline in infant 

mortality. They argue that public health measures and other interventions played an 

important role, but income level has its own effect and affect other variables. Using the 

Preston Curve – relation between life expectancy and income level – Mackenback and 

Looman (2013) argue that income level plays a primary role in the trends in mortality 

after 1960 for developed countries.  

In the case of Brazil, Baptista, Queiroz and Rigotti (2018) analyze the recent 

evolution of mortality due to cardiovascular diseases and decompose the effects of 

changes in levels of mortality rates and age structure of the population. They note an 

increased concentration of high mortality rates from this disease in the Northeast. Along 

the same lines, Pinheiro and Queiroz (in press) estimate mortality rates for motorcycle 

accidents in small areas and observe a concentration in the frontier areas of the country 

and the interior of less developed states. Schmmertman and Gonzaga (2018) proposes a 

Bayesian method to estimate data quality and mortality rates for small areas in Brazil in 

2010. The methodology allows to properly evaluate the data for small areas and obtain 

more robust estimates and it is the base of the methodological approach we use in this 

paper. Queiroz et al. (2018) analyze the differential of adult mortality between 1980 and 

2010 in Brazil and observe, as for other countries, how social and economic factors 

influence trends in time and space. They show that an increasing percentage in the share 

of young adult population is related to an increase in 45q15 for both males and females. 

They also find that, for females, decrease in unemployment rates from 1980/1991 to 

2000/2010 is related to an increase in the 45q15. This is an unexpected result and more 

analyses need to be performed in order to understand this association. Gini Index, a 

measure of income inequality, has also an impact on the observed changes in 45q15, but 

only among males. More intriguing, the relationship has change signal during the period 

of analysis, indicating that improvements in income distribution (decline in Gini) are 

associated with more deaths between ages 15 to 60 years   



Queiroz, et.al (2019) find that the quality of mortality data (completeness of 

registration and quality of causes of death information) in Brazil and regions is improving 

over time, and a large part of the country shows almost complete coverage of death 

counts. The improvement is mostly explained by public investments in collection health 

data. Sex differentials in mortality remained high over the period of analysis due to the 

increase in external causes of deaths especially among males. This increase also explains 

the high concentration of male adult mortality in some areas of the country. More 

important, they observed a convergence process for causes of deaths across regions in the 

country over time. They point some interesting and important findings: a) increase in the 

mortality by violence in the northeast part of the country and middle-size towns; b) 

change in the concentration of mortality due to cardiovascular diseases from the South to 

the Northeast and c) concentration of high mortality levels for neoplasm in the southeast. 

We move from this finding and try to show a relation between economic development, 

measured by income level, and changes in the mortality by causes of deaths across regions 

in Brazil.   

 

DATA & METHODS 

Data source and level of analysis 

We make extensive use of the Ministry of Health database, DATASUS 

(http://www2.datasus.gov.br). The database provides information on deaths, causes of 

deaths, by age and sex at the municipality level. The data are available since 1979, but 

we use information from 1990 to 2010. Mortality data is organized using codes from the 

ICD Revision (9th from 1980 to 1995 and 10th from 1996 on). Data cleaning and 

compilation is done at the municipal, provincial and state level, and an electronic data file 

is transferred to the national office every 3 months. Population by age and sex, at the local 

level, comes from the Brazilian Censuses (1980, 1991, 2000 and 2010) and from IBGE 

estimates for periods after the census.  

The original data is available at the municipality level. The main limitation in 

using city level data in Brazil is that the number and composition of cities change over 

time. In 1980, there were 3974 municipalities and in 2010 there were 5565. To avoid 

problems using this information, we aggregated municipalities by comparable small 

areas, using the IBGE definition of comparable mesoregions. The mesoregions serve only 

for statistical purpose; therefore, they do not represent a political or administrative entity. 



The main advantage of working with these geographical areas is that they have not 

changed their boundaries over the period of analysis and they are areas with regional and 

socioeconomic similarities.  Mesoregions are stable and comparable over the period of 

analysis. By doing this, we are able to follow and study over 500 small areas in Brazil 

from 1990 to 2016. 

Ministry of Health data, Datasus, is publicly available. Historically, states of the 

North and Northeast observed lower coverage and worse quality of death declarations in 

relation to the states of the Southeast and South (Queiroz, et.al 2017, Lima and Queiroz, 

2014, Agostinho and Queiroz, 2010). However, since the 2000s, there has been an 

impressive improvement in both conditions (Queiroz, et.al 2017, Lima and Queiroz, 

2014, Agostinho and Queiroz, 2010). The improved quality of mortality information in 

the North / Northeast has radically altered the trends, mainly due to noncommunicable 

diseases. We are using data from 1996 to 2016. Several articles argue and show that the 

quality of the information has improved since it allows an adequate comparison between 

the regions (Guimarães, et al., 2015, Borges, 2017; França, et.al, 2017; Ross, 2018) 

In addition, GDP data by micro-region were extracted from the Sistema IBGE de 

Recuperação Automática (SIDRA) and are also publicly available. The GDP data for each 

year of the series are based on the year 2010 and are given at current prices in Reais (R$). 

 

Bivariate maps 

A univariate choropleth map uses colors that portray the spatial variation of a 

single attribute in the geographic region under study. Fertility rate by county, crime rate 

by state, aging rate by country are some examples. Bivariate choropleth maps follow the 

same concept, except for displaying two variables simultaneously. In fact, bivariate maps 

go further, that is, allows to estimate the degree or spatial pattern of cross-correlation 

between variables. 

We introduce an adapted bivariate choropleth map based on Grossenbacher and 

Zehr's tutorial (2019) in R to evaluate the degree of relation between mortality by 

cardiovascular disease and GDP per capita at the micro-regions level. To match the nine 

different colors with appropriate classes, we calculate 1/3-quantiles for both variables. 

Then, the micro-regions are put into the appropriate class corresponding to their average 

mortality by each cause of death and GDP per capita for each region. 



 

Preliminary Results 

Figure 1 shows the results for external causes of deaths from 1991 to 2010. The 

overall results show that GDP per capita has increased in all micro-regions during the 

period of analysis. The results indicate a very fast increase in external causes of deaths in 

the Northeast part of the country and new frontier areas, such as in the Center-West. In 

1991, highest levels of external causes of deaths were concentrated in Rio de Janeiro, São 

Paulo and around Brasilia. We also observed very high mortality rates by external causes 

in frontier areas of the Amazon and Brazilian Cerrado. In 2010, we observed an 

interiorization of the mortality due to external causes of deaths and an increased in the 

mortality by this cause in almost all coastal cities of the northeast part of the country. 

There is also a rapid increase in the coastal areas of the country from Rio de Janeiro to 

the most northern capitals of the coastal. São Paulo, on the other side, has shown 

significative signs of decline in mortality by external causes during the period of analysis. 

Ingram, et.al (2017) show strong evidence that the increase of violence in one city tend 

to increase violence in the cities around following a diffusion process. They also show 

that inequality levels have mixed results leading to higher violence in some areas of the 

North and to lower levels of homicides in the southern parts of the country.  

Figure 2 shows the results for males and the relation between economic 

development and mortality rates by cardiovascular diseases. Previous studies, show that 

mortality for cardiovascular diseases were declining in the country over 20 years period, 

for the larger 5 regions, and were related to improvements in social and economic 

variables (Curioni, et.al, 2009). They also suggest that the magnitude of the decline varies 

with economic level. The main limitation, compared to our study, is that they analyze 

only 5 regions loosing a lot of variability in the study. We find for males, in the Center-

West, South and South-East (except for the northern region of the state of Minas Gerais), 

we found a decline in mortality by over time. In the North and, specially, across the 

Northeast regions, and the northern region of the state of Minas Gerais, there was an 

increase mortality over the years. The results suggest a rapid decline in CVD mortality in 

the South and Southeast micro-regions and a slower decline in the Center-West region. 

Meanwhile, the North and Northeast regions, less developed areas of the country, 

observed an increase in CVD mortality overtime. This spatial heterogeneity over the 

period seems to be associated with access to proper healthcare and strongly related to 



socioeconomic factors (Mansur and Favarato 2016; Baptista et al. 2018; Lotufo 2019). 

One important result is that even though mortality rates for most of regions are decline, 

the absolute number of deaths due do CVD are increasing because of rapid changes in 

population age structure.  

Figure 3 and Figure 4 show the relation between economic development and 

mortality rates by neoplasm and respiratory diseases. We observed that they are more 

concentrated in the more developed parts of the country – South and Southeast. Those 

regions are in later stages of the epidemiological and demographic transitions compared 

to the other parts of the country (Borges, 2017; França, et.al. 2017). Carvalho and Paes 

(2019) find a strong relation between older population age structure and better 

socioeconomic indicators and mortality due to breast cancer in the northeast of the 

country. They argued that the variation in mortality is related to variation in incidence 

and the incidence is affected by a series of social and economic factors. Barbosa, et.al 

(2016) investigate cancer mortality at the municipal level and find that mortality levels 

are higher in more developed regions measured by income level and life expectancy. One 

limitation of their study is that they do not perform any adjustment in data quality. 

 



References 

Andrade LT, Diniz AMA. A reorganização espacial dos homicídios no Brasil e a tese da 

interiorização. Rev Bras Estud Popul 2013; 30 Suppl:S171-91. 

Alvarez, Jesús-Adrián, José Manuel Aburto, and Vladimir Canudas-Romo. "Latin 

American convergence and divergence towards the mortality profiles of developed 

countries." Population studies (2019): 1-18. 

Baptista, E. A., Queiroz, B. L., & Rigotti, J. I. R. Decomposition of mortality rates from 

cardiovascular disease in the adult population: a study for Brazilian micro-regions 

between 1996 and 2015. Revista Brasileira de Estudos de População, 35(2), pp.1-20. 

Baptista, Emerson Augusto, and Bernardo Lanza Queiroz. "Spatial analysis of mortality 

by cardiovascular disease in the adult population: a study for Brazilian micro-regions 

between 1996 and 2015." Spatial Demography 7.1 (2019): 83-101. 

Barbosa, Isabelle Ribeiro, et al. "Socioeconomic inequality and cancer mortality: an 

ecological study in Brazil." Revista Brasileira em Promocao da Saude 29.3 (2016): 350. 

Bernardinelli, L., & Montomoli, C. (1992). Empirical Bayes versus fully Bayesian 

analysis of geographical variation in disease risk. Statistics in medicine, 11(8), 983-1007. 

Borges, Gabriel Mendes. Health transition in Brazil: regional variations and 

divergence/convergence in mortality. Cadernos de saude publica, v. 33, p. e00080316, 

2017. 

Bós, Ângelo José Gonçalves, and Andrea Ribeiro Mirandola. "Cobertura vacinal está 

relacionada à menor mortalidade por doenças respiratórias." Ciência & Saúde Coletiva 18 

(2013): 1459-1462. 

Calazans, J. and Queiroz, Bernardo (2018). Gender Gap in Life Expectancy by Age and 

Cause of Death in American Countries, 2000–2014. Paper presented at the 2018 PAA 

Annual Meeting. Denver.  

Carvalho AXY, Silva GDM, Almeida Júnior GR, Albuquerque PHM. Taxas bayesianas 

para o mapeamento de homicídios nos municípios brasileiros. Cad Saúde Pública 2012; 

28:1249-62. 

Carvalho, João Batista, and Neir Antunes Paes. "Socioeconomic inequalities in breast 

cancer mortality in microregions of the Brazilian Northeast." Revista Brasileira de Saúde 

Materno Infantil 19.2 (2019): 391-400. 

Cerqueira, Daniel Coordenador, Renato Sergio de Lima, Samira Bueno, Cristina Neme, 

Helder Ferreira, Danilo Coelho, Paloma Palmieri Alves et al. "Atlas da violência 2018." 

(2018). 

Corrêa, Ricardo de Amorim, José, Bruno Piassi de São, Malta, Deborah Carvalho, Passos, 

Valéria Maria de Azeredo, França, Elisabeth Barboza, Teixeira, Renato Azeredo, & 

Camargos, Paulo Augusto Moreira. (2017). Burden of disease by lower respiratory tract 

infections in Brazil, 1990 to 2015: estimates of the Global Burden of Disease 2015 



study. Revista Brasileira de Epidemiologia, 20(Suppl. 1), 171-

181. https://dx.doi.org/10.1590/1980-5497201700050014 

Cutler, D. Deaton, A., Lleras-Muney, A. "The Determinants of Mortality," Journal of 

Economic Perspectives, American Economic Association, vol. 20(3), pgs 97-120, 

Summer, 2006 

Curioni, Cintia, et al. "The decline in mortality from circulatory diseases in 

Brazil." Revista panamericana de salud pública 25 (2009): 9-15. 

Dwyer-Lindgren, L., Bertozzi-Villa, A., Stubbs, R. W., Morozoff, C., Kutz, M. J., Huynh, 

C., ... & Flaxman, A. D. (2016). US county-level trends in mortality rates for major causes 

of death, 1980-2014. Jama, 316(22), 2385-2401. 

Dwyer-Lindgren, L., Bertozzi-Villa, A., Stubbs, R. W., Morozoff, C., Shirude, S., 

Naghavi, M., ... & Murray, C. J. (2017). Trends and patterns of differences in chronic 

respiratory disease mortality among US counties, 1980-2014. Jama, 318(12), 1136-1149. 

Ecob, R. and Smith, G. D. (1999). Income and health: what is the nature of the 

relationship? Social science & medicine, 48(5), 693-705. 

El Bcheraoui, C., Mokdad, A. H., Dwyer-Lindgren, L., Bertozzi-Villa, A., Stubbs, R. W., 

Morozoff, C., ... & Murray, C. J. (2018). Trends and patterns of differences in infectious 

disease mortality among US counties, 1980-2014. JAMA, 319(12), 1248-1260. 

Ezzati, M., Friedman, A., Kulkarni, S., Murray, C. The reversal of fortunes: trends in 

county mortality and cross-county mortality disparities in the United States. Plos 

Medicine, Vol. 5, no. 4, 2008.  

França, E. B., de Azeredo Passos, V. M., Malta, D. C., Duncan, B. B., Ribeiro, A. L. P., 

Guimarães, M. D., ... & Camargos, P. (2017). Cause-specific mortality for 249 causes in 

Brazil and states during 1990–2015: a systematic analysis for the global burden of disease 

study 2015. Population health metrics, 15(1), 39. 

França, E., de Abreu, D. X., Rao, C., & Lopez, A. D. (2008). Evaluation of cause-of-

death statistics for Brazil, 2002–2004. International journal of epidemiology, 37(4), 891-

901. 

Francisco, P. M. S. B., Donalisio, M. R. D. C., & Lattorre, M. D. R. D. D. (2003). 

Tendência da mortalidade por doenças respiratórias em idosos do Estado de São Paulo, 

1980 a 1998. Revista de saúde pública, 37, 191-196. 

Gomes, Aline de Andrade, et al. "Doenças respiratórias por influenza e causas associadas 

em idosos de um município do Nordeste brasileiro." Cadernos de Saúde Pública 29 

(2013): 117-122. 

Gonzaga, M. R., & Schmertmann, C. P. (2016). Estimating age-and sex-specific mortality 

rates for small areas with TOPALS regression: an application to Brazil in 2010. Revista 

Brasileira de Estudos de População, 33(3), 629-652. 

https://dx.doi.org/10.1590/1980-5497201700050014


Gonzaga, Marcos Roberto, Bernardo L. Queiroz, and Everton E. Campos De Lima. 

"Compression of mortality: the evolution of the variability in the age of death in Latin 

America." Revista Latinoamericana de Población 12.23 (2018): 9-35. 

Guerra, Maximiliano Ribeiro, et al. "Magnitude e variação da carga da mortalidade por 

câncer no Brasil e Unidades da Federação, 1990 e 2015." Revista Brasileira de 

Epidemiologia 20 (2017): 102-115. 

INGRAM, Matthew C.; MARCHESINI DA COSTA, Marcelo. A spatial analysis of 

homicide across Brazil’s municipalities. Homicide studies, v. 21, n. 2, p. 87-110, 2017. 

Mackenbach, J. P., & Looman, C. W. (2013). Life expectancy and national income in 

Europe, 1900-2008: an update of Preston’s analysis. International journal of 

epidemiology, 42(4), 1100-1110. 

Mackenbach, J. P., et al. (2004). The shape of the relationship between income and self-

assessed health: an international study. International journal of epidemiology, 34(2), 286-

293. 

Morozoff, C., ... & Murray, C. J. (2017). Trends and patterns of disparities in cancer 

mortality among US counties, 1980-2014. Jama, 317(4), 388-406. 

Palloni, A., Pinto, G.. Adult Mortality in Latin America and the Caribbean. In:Rogers, R 

e Crimmins, E. (eds) International Handbooks of Adult Mortality pgs -101-132, 2011. 

Pastrana, M. E. O., Brito, R. L., Nicolino, R. R., de Oliveira, C. S. F., & Haddad, J. P. A. 

(2014). Spatial and statistical methodologies to determine the distribution of dengue in 

Brazilian municipalities and relate incidence with the health vulnerability index. Spatial 

and spatio-temporal epidemiology, 11, 143-151. 

Pereira, F.N.A. and Queiroz, B.L., 2016. Diferenciais de mortalidade jovem no Brasil: a 

importância dos fatores socioeconômicos dos domicílios e das condições de vida nos 

municípios e estados brasileiros. Cadernos de Saúde Pública, 32, p.e00109315. 

Preston, S. H. (1975). The changing relation between mortality and level of economic 

development. Population studies, 29(2), 231-248. 

Pritchett, L., & Summers, L. H. (1993). Wealthier is healthier (Vol. 1150). World Bank 

Publications. 

Queiroz, B. L., de Lima, E. E. C., Freire, F., Gonzaga, M. & Baptista, E. (2019). Trends 

and patterns of geographic variation of mortality by causes of death for Small Areas in 

Brazil, 1990-2010. Paper presented at the 2019 Annual Meeting of the Population 

Association of America, Austin, Texas.  

Queiroz, B. L., Freire, F. H. M. D. A., Gonzaga, M. R., & Lima, E. E. C. D. (2017). 

Completeness of death-count coverage and adult mortality (45q15) for Brazilian states 

from 1980 to 2010. Revista Brasileira de Epidemiologia, 20, 21-33. 

Queiroz, Bernardo L., Everton Lima, Marcos R. Gonzaga, and Flávio Freire. 2018. “Adult 

Mortality Differentials and Regional Development at the Local Level in Brazil, 1980-

2010.” OSF Preprints. August 7. doi:10.31219/osf.io/szvtq. 



Ross, Jennifer M. et al. Progress toward eliminating TB and HIV deaths in Brazil, 2001–

2015: a spatial assessment. BMC medicine, v. 16, n. 1, p. 144, 2018. 

Roth, G. A., Dwyer-Lindgren, L., Bertozzi-Villa, A., Stubbs, R. W., Morozoff, C., 

Naghavi, M., ... & Murray, C. J. (2017). Trends and patterns of geographic variation in 

cardiovascular mortality among US counties, 1980-2014. Jama, 317(19), 1976-1992. 

Ruhm, Christopher J. "Health effects of economic crises." Health economics 25 (2016): 

6-24. 

Schmertmann, Carl P.; Gonzaga, Marcos R. Bayesian estimation of age-specific mortality 

and life expectancy for small areas with defective vital records. Demography, v. 55, n. 4, 

p. 1363-1388, 2018. 

Soares R., Health and the evolution of welfare across Brazilian municipalities. Journal of 

Development Economics, 84(2):590-608, 2007b. 

Soares, R., "On the Determinants of Mortality Reductions in the Developing World," 

Population and Development Review., vol. 33(2), pages 247-287, 2007a. 

Sousa, Angelica, Kenneth Hill, and Mario R. Dal Poz. "Sub-national assessment of 

inequality trends in neonatal and child mortality in Brazil." International journal for 

equity in health 9, no. 1 (2010): 1. 

Souza, A.D., Dourado, I., Duarte, E.C. and Daufenbach, L.Z., 2009. Mortalidade por 

causas relacionadas à influenza em idosos no Brasil, 1992 a 2005. Epidemiologia e 

Serviços de Saúde, 18(3), pp.209-218. 

Souza, M. D. F. M. D., Gazal-Carvalho, C., Malta, D. C., Alencar, A. P., Silva, M. M. A. 

D., & Neto, O. L. D. M. (2007). Análise da mortalidade por homicídios no 

Brasil. Epidemiologia e Serviços de Saúde, 16(1), 7-18. 

Stronks, K., et al. (1997). The interrelationship between income, health and employment 

status. International journal of epidemiology, 26(3), 592-600. 

Subramanian, S. V. and Kawachi, I. (2006). Being well and doing well: on the importance 

of income for health. International Journal of Social Welfare, 15, S13-S22. 

Valkonen, T. “Trends in regional and socio-economic mortality differentials in Finland” 

International Journal of Health Science, 3(3-4):157-166, 1992.  

 

 

 

 

 



Figure 1: External Causes of Deaths mortality rates vs GDP per capita, males, micro-regions, Brazil –  

1991 (left), 2000 (middle) and 2010 (right) 

 

 

 
 
 
 
 
 
 



Figure 2: Cardiovascular Causes of Deaths mortality rates vs GDP per capita, males, micro-regions, Brazil –  

1991 (left), 2000 (middle) and 2010 (right) 

 
 

 
 

 
 
 
 
 
 
 



Figure 3: Respiratory Causes of Deaths mortality rates vs GDP per capita, males, micro-regions, Brazil –  

1991 (left), 2000 (middle) and 2010 (right) 

 

 

 

 
 
 
 
 
 
 
 



Figure 4: Neoplams Causes of Deaths mortality rates vs GDP per capita, males, micro-regions, Brazil –  

1991 (left), 2000 (middle) and 2010 (right) 

 

 

 

 

 


